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ABSTRACT

Basic criteria and planning guidelines for the design of fleet moorings
are presented for use by qualified engineers. The contents include types of
fleet-mooring systems, basic design philosophy and selection factors for
fleet noorings, discussion of fleet-nmooring conponents, procedures for
determning static forces on noored vessels, procedures for determning
static forces on nooring el enents, procedures outlining the detailed design
of fleet noorings, and exanpl e cal cul ati ons.
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FOREWARD

This design manual is one of a series devel oped froman eval uation of
facilities in the shore establishnent, fromsurveys of the availability of
new materials and construction nethods, and from selection of the best
design practices of the Naval Facilities Engineering Command, other Govern-
ment agencies, and the private sector. This manual uses, to the maxi mum
extent feasible, national professional society, association, and institute
standards in accordance wi th NAVFACENGCOM policy. Deviations fromthese
criteria should not be made without prior approval of NAVFACENGCOM Head-
quarters (Code 04).

Design cannot remain static any nore than can the naval functions it
serves or the technologies it uses. Accordingly, reconmendations for
I mprovenent are encouraged fromw thin the Navy and fromthe private sector
and shoul d be furnished to NAVFACENGCOM Headquarters (Code 04). As the
design manuals are revised, they are being restructured. A chapter or a
combi nation of chapters will be issued as a separate design nanual for ready
reference to specific criteria.

This publication is certified as an official publication of the Nava
Facilities Engineering Command and has been reviewed and approved in accord-
ance w th SECNAVI NST 5600. 16.

J. P. JONES, JR
Rear Admral, CEC, U S. Navy
Commander
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FLEET MOCRI NGS
Section 1. | NTRODUCTI ON

1. SCOPE . This manual presents basic information required for the selection
and design of fleet-mooring systems in protected harbors.

2. CANCELLATION.  This manual, NAVFAC DM 26.5, Fleet Morings, cancels and
supersedes Chapter 6 of the basic Design Manual 26, Harbor and Coast al
Facilities, dated July 1968, and Change 1, dated Decenber 1968.

3. RELATED CRITERIA. Certain criteria related to fleet nporings appear
el sewhere in the design manual series. See the follow ng sources:

Subj ect Source
Characteristics of Vessels DMVt 26. 6
Fi xed Moorings DM 26. 4
Foundations and Earth Structures DM 7.2
General Criteria for Waterfront Construction DM 25. 6
Layout of Individual Morings DM 26. 1
Sedi nent ati on DMVt 26. 3
Soi|l Mechanics DM 7.1
Strength and Dinensional Characteristics of

Chain, Wre, and Fi ber Rope DM 26. 6
Structural Engineering DM 2
\Wat er - Level Fl uctuations DM 26. 1
Waves DM 26. 2

4, DEFINNTION. Navy moorings are classified as either fleet mporings or
fixed noorings. A fleet nooring consists of structural elenents, temporarily
fixed in position, to which a vessel is noored. These structural elements

i ncl ude anchors, ground legs, a riser chain, a buoy, and other nooring hard-
ware. Lines and appurtenances provided by vessels are not a part of the
fleet mooring.

A fixed mooring consists of a structural elenent, permanently fixed in
position, to which a vessel is noored. Fixed noorings are discussed in
DM 26. 4, Fi xed Moori ngs.

5. STANDARD DRAWNGS. A list of standard draw ngs for fleet moorings is
presented in Table 1.

26.5-1



TABLE 1
Standard Drawi ngs for Fleet Morings

NAVFAC Drawi ng

Descri ption Nunber

ANCHORS:

Stato Anchor . . . . . . . . . . .. L. --

Stockl ess anchor details . ... ... . .... ..... 620603

Stockl ess anchors--stabilizer details . . . . . . . . . . 620656

BUOYS:

Peg-top buoy--12'-0" dia x 9'-6" deep--

sheets 1 and 2 .. ... ... .. ... ... ... 1195707, 1195708
Aids to navigation buoys--lighted and unlighted--

sheets 1 and 2 . ... . ... . .. ... ... 620609, 660800
Bar riser chain-type buoy details--sizes to

10'-6" dia x 77-6" high . . ... .. ... ... .. ... 620659

Bar riser chain-type buoy--15-0" dia x 9'-6" deep--

sheets 1, 2, and 3 .. ... ... ... .. ... ... ... L 1404065- 1404067
Marker or nooring buoy--3 -6" dia ....... ... ... ... 620662
Hawsepi pe, riser chain-type buoy--

12°-0" dia x 6'-0" high .. .. ... ... ... . .... 620605

CHAINS AND CHAIN FI TTI NGS:

Rel ease hook for offshore fuel-Iloading nmoorings .. .... 896091
MOORI NGS:

Degaussing and oil-barge moring . . . . . . .. ... ... 660797
Free-swinging, riser-type--C asses AAA and BBB

( PROPOSED) . . . . . o o
Free-sw nging, riser-type--C asses AA, BB, CC,

and DD . . . . . . . ... L .. . . 1404345
Free-swinging, riser-type moorings without sinkers--

Casses A B, C D E FandG . . . . . ... .. ... ... 1404346
Free-sw nging, riser-type moorings wth sinkers--

Classes A, B, C D, and E ... ... ... ... ..., . 1404347
Fuel |oading-type nooring--6,000-pound Stato

anchor . . . . 1046688
Fuel |oading-type mooring--15,000-pound Stockless

anchor . . . e 896129

SI NKERS:

12,600-pound cast-iron sinker . . . . ... 946172
STAKE PI LES:

300, 000- pound stake pile--bearing pile design--

14" BP 73# . . . . ... Ce e 946171
200, 000- pound stake pile--12-3/4" QD pipe .. ... 660853
200, 000- pound stake pile--bearing pile design--

12" BP B53# . . .. 660857
100, 000- pound stake pile--bearing pile design--

12" BP 53# . . . . . 896109
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Section 2. FLEET- MOORI NG SYSTEMS

1. FLEET MOORINGS. The Navy uses several types of fleet moorings, including
ri ser-type noorings, telephone-type noorings, anchor-and-chain noorings, and
anchor, chain, and buoy nmoorings. Fleet-mooring configurations conmonly used
by the Navy include free-sw nging noorings, nultiple-point noorings, nultiple-
vessel moorings, trot-line noorings, and noorings for navigational buoys.

Fl eet-mooring types and configurations are discussed bel ow.

2. FLEET-MOORI NG TYPES.

a. Riser-Type Morings. Riser-type noorings are the nost common type
of fleet mooring currently used by the Navy. They consist of a buoy, riser
chain, ground ring, ground legs, swivels, and anchors (Figure 1). The riser
chain, equipped with a chain swivel, connects the ground ring to the buoy.

G ound | egs-connect the anchors to the ground ring, which is held about 10 to
20 feet above the bottom at nean high water (MHW when there is no pull on
the mooring.

The Navy has standardized riser-type fleet moorings and has classified
them according to capacity (Table 2). The rated capacity of each standar-
dized mooring is based upon the strength of the chain used in the nooring
riser.

b.  Tel ephone-Type Mborings. Tel ephone-type noorings differ fromriser-
type moorings in that the ground |egs of the tel ephone-type are connected
directly to the buoy (Figure 2). Telephone-type noorings are no |onger used
for their original purpose, which was to provide cables for telephone com
muni cation fromvessel to shore. However telephone-type buoys have been
used in recent designs for moorings requiring a limted watch circle. The
use of tel ephone-type moorings should be restricted to nultiple-point
moorings; in a free-swinging nooring, the ground |legs of a telephone-type
mooring mght cause damage to the hull of the vessel as the vessel sw ngs
around the nooring.

c. Anchor-and-Chain Morings. Vessels are commonly noored by their own
anchor when fleet noorings are not available. By definition, the anchor-and-
chain nooring is not a fleet nooring. However, the design procedures pre-
sented in this manual can be used to anal yze anchor-and-chain nmoorings.

d. Anchor, Chain, and Buoy Moorings. This nooring, which consists of a
buoy, a single chain, and a drag-enbednent or deadwei ght anchor, is normally
a relatively lightweight systemused to nmoor small boats and seapl anes.

Al though not fleet moorings by definition, anchor, chain, and buoy moorings
may be anal yzed using the design procedures presented in this manual.

3. FLEET- MOORI NG CONFI GURATI ONS.

a. Free-Swinging Morings. A vessel nmoored to a free-sw nging (single-
point) nooring is restrained by a mooring line(s) attached to its bow The
vessel is free to swing or “weather-vane” around the nooring buoy (Figure 3).
A free-swinging nooring is generally nore econom cal than a nultiple-point
mooring but requires anple anchorage area to prevent the vessel frominter-
fering with navigation, adjacent structures, or neighboring vessels.
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FIGURE 1
Typical Riser-Type Mooring
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Capacity of

TABLE 2
Standard Navy Fleet Moorings
(Riser-Type)

Riser Chain

Previous Mooring Capacity Number of Diameter Type of Chain

Class Class (pounds) Ground Legs (inches) Throughout

AA A-A 300,000 3 (Twin chain) 4 U.S. Navy Common A-Link -
BB B-B 250,000 3 (Twin chain) 3-1/2 U.S. Navy Common A-Link
cC c-C 200,000 3 (Twin chain) 3-1/2 U.S. Navy Common A-Link
DD D-D ' 175,000 3 (Single chain) 3 U.S. Navy Common A-Link
A A 150,000 3 (Single chain) 2-3/4 U.S. Navy Common A-Link
B B 125,000 3 (Single chain) 2-1/2 U.S. Navy Common A-Link
C C 100,000 3 (Single chain) 2-1/4 U.S. Navy Common A-Link
D D 75,000 3 (Single chain) 2 U.S. Navy Common A-Link
E E 50,000 3 (Single chain) 1-3/4 U.S. Navy Common A-Link
F F 25,000 3 (Single chain) 1-1/4 U.S. Navy Common A-Link
G G 5,000 3 (Single chain) 3/4 U.S. Navy Common A-Link
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FI GURE 3
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b. Miltiple-Point Morings. Several types of nultiple-point noorings
are used by the Navy. Selection of a specific type of nultiple-point nooring
depends upon site conditions, existing facilities, and nooring use. Some of
the nore conmon types of multiple-point noorings are presented bel ow.

(1) Bow and-Stern Morings. A bow and-stern mooring consists of a
vessel secured at its bow and its stemto riser-type or telephone-type
noorings. The system is generally used when there is insufficient area for
free-sw ngi ng moorings, or when the vessel nust be held nore rigidly than at
a free-sw nging nooring. A typical bow and-stern nooring arrangenent is
shown in Figure 4.

(2) Spread Morings. A spread nmooring consists of a vessel secured
in position by several nmooring lines radiating fromthe vessel. The nunber
of mooring lines is variable and depends upon operational and design condi-
tions. Spread noorings are used to secure a vessel when it nust be held nore
rigidly than it would be in a free-sw nging or bow and-stern nooring. Fig-
ure 5 illustrates a typical spread nooring used to noor a floating drydock.
(Figure 5 shows two mooring lines on each beam of the floating drydock, while
some floating-drydock moorings require six or nore mooring |lines on each
beam) Several types of spread nmoorings are used by the Navy; these noorings
are discussed bel ow

(a) Four-point moorings. A four-point mooring consists of a
vessel secured at four points to riser-type or telephone-type moorings. A
typi cal four-point moring arrangenent is shown in Figure 6. The four-point
mooring concept can be extended to nore than four points; that is, to six
poi nts, eight points, and so on.

(b) Meal-type moorings. In a reed-type (Mediterranean-type)
mooring, the stern of the vessel is secured to a fixed structure, such as a
pier, with mooring lines. The bow of the vessel is noored either by riser-
type moorings, by nooring |lines secured to pile anchors, or by its own
anchors. A typical nmed-type mooring arrangenent is shown in Figure 7. In
Figure 7, the longitudinal axis of the vessel is oriented parallel to the
predom nant direction of the current in order to mninmze current |oads on
the vessel. Meal-type moorings are used where there is insufficient harbor
area for a free-swinging mooring or for another type of nultiple-point
mooring. Meal-type noorings are particularly well-suited for subnarine
t enders.

(c) Fuel oil-loading nooring. Fuel oil-loading facilities are
often | ocated of fshore froma tank farm Pipelines, laid on the seafloor
extend offshore to the nooring. Submarine hoses, nmarked by buoys, connect
the pipelines to the vessel. The vessel is held in position by three riser-
type noorings at its stern and by its own anchors at the bow. This nooring
is shown in Figure 8. The nooring is normally designed for a maxi num w nd
velocity of 30 mles per hour; the ship is remved fromthe berth at higher
wi nd velocities. Navy fuel oil-Iloading noorings have been standardized (see
Table 1).

(d) Morings for degaussing and oil-barge facilities. Mor-
ings for degaussing and oil-barge facilities have been standardized. Details
of this nmooring are given in the standard drawing listed in Table 1.
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c. Miltiple-Vessel Morings. A multiple-vessel (nested) nooring con-
sists of vessels noored side by side, held together by interconnecting |ines.
These noorings are normally bow and-stern or spread noorings. Miltiple-
vessel moorings are used to noor both active and inactive vessels. A typica
active nultiple-vessel nooring consists of a tender or simlar vessel with
submarine(s) secured to either one or both sides, as shown in Figure 7.

Anot her typical active nultiple-vessel nooring consists of several barges

| ashed together in a be-and-stern nooring, as shown in Figure 9. Miltiple-
vessel moorings for inactive vessels often consist of several identica
vessels in a bow and-stern or spread nooring

d. Trot-Line Morings. Trot-line noorings consist of a chain grid,
anchored to the seafloor, to which a group of vessels is noored. Riser
chains, connected at chain intersections, secure the vessels. This system
has been used in the past to moor vessel groups; however, |arge amounts of
chain and installation difficulties generally render this nmooring system
i nfeasi bl e.

e. Morings For Navigational Buoys. Navigational buoys are used to
mark the limts of each side of a channel and to designate hazardous areas.
The buoys are noored to concrete or cast-iron anchors by chains. The Navy
has adopted Coast Cuard-type buoys for use at its coastal facilities. A
typi cal mooring arrangement for a navigational buoy is shown in Figure 10.

U. S. Coast CGuard procedures for designing navigational buoys and asso-
ciated conponents may be found in U S. Coast Guard COVDTI NST ML6511.1 (Decem
ber 1978). Physical and enpirical data concerning navigational buoys are
given in DM 26.6, Section 7.

4, METRI C EQUI VALENCE CHART. The following metric equivalents were devel oped
in accordance with ASTM E-621. These units are listed in the sequence in
whi ch they appear in the text of Section 2. Conversions are approxi mate.

10 feet = 3.0 neters
20 feet = 6.1 neters
30 nmiles per hour = 48 kil oneters per hour
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FI GURE 9
Typical Active Miltiple-Vessel Moring
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Section 3.  FLEET-MOORI NG COVPONENTS

1. FLEET- MOORI NG COMPONENTS.  Figure 11 presents the principal conmponents of
a free-swinging, riser-type fleet mooring. Conponents of a fleet nooring

i ncl ude anchors, sinkers, mooring chain, nooring-chain fittings, and buoys.
The details of a fleet mooring vary with the type of mooring, but the prin-
ci pal components are illustrated by the riser-type mooring. The individual
conponents shown in Figure 11 are discussed in detail bel ow

2. ANCHORS . Several types of anchors can be used in fleet moorings, includ-
i ng drag-enbednent (conventional) anchors, pile anchors, deadwei ght anchors,
and direct-enbednent anchors. The advantages and di sadvant ages of each
anchor are presented in Table 3. Detailed procedures for selecting drag-
enbedment anchoring systens are presented in Section 5.

a. Drag- Enbednent (Conventional) Anchors. Drag-enbednment anchors are
the most commonly used anchors in Navy fleet moorings. The inportant ele-
ments of nost drag-enmbednent anchors are summarized in Figure 12, which
presents the Navy Stockless anchor. The anchor shank is used to transfer the
mooring-line load to the anchor flukes, which have |arge surface areas to
mobi | i ze soil resistance. The |eading edge of a fluke, called the fluke tip,
Is sharp so that the fluke will penetrate into the seafloor. Tripping
pal ms, located at the trailing edge of the flukes, cause the flukes to open
and penetrate the seafloor. The shank-fluke connection region is called the
crown of the anchor. Some anchors have a stabilizer located at the anchor
crown and oriented perpendicularly to the shank. Stabilizers resist rota-
tional instability of the anchor under load. (See Figure 12B.)

Dr ag- enbednent anchor performance is sensitive to seafloor soil type.
Table 4 summarizes the general performance of drag-enbedment anchors accord-
ing to soil type. Information on soils-investigation requirements for anchor
design may be found in the Handbook of Marine CGeotechnol ogy (NCEL, 1983a) .

(1) Anchor Performance. Drag-enbedment anchors are designed to
resi st horizontal loading. A near-zero angle between the anchor shank and
the seafl oor (shank angle) is required to assure horizontal |oading at the
anchor. Sufficient scope in the nooring line will result in a near-zero
shank angle. (Scope is defined as the ratio of the length of the nooring
line, fromthe mooring buoy to the anchor, to the water depth.) As the shank
angl e increases fromzero, the vertical load on the anchor increases and the
hol di ng power of the anchor decreases.

Figure 13 shows how a drag-enmbednent anchor performs under |oading.
Dr ag- enbedment anchors drag consi derably before reaching peak hol di ng capac-
ity. The anount of drag depends upon anchor type and seafl oor character-
istics .  \Wen an anchor with novable flukes is |oaded, the tripping pal ns
w || cause the anchor flukes to penetrate the seafloor as the anchor is

dragged. (See Figure 13A.)
The ability of an anchor to penetrate the seafloor is prinarily a

function of the fluke angle (the fluke angle is the angle between the fluke
and the shank). The optinmum fluke angle depends primarily upon the, seafl oor
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~ TABLE3 )
Advantages and Disadvantages of Various Anchors

Drag-Embedment Anchor

Deadweight Anchor

Advantages

High capacity (> 100,000 pounds) is achievable.
Broad range of anchor types and sizes are
available.

Standard, off-the-shelf equipment can be used.
Broad use experience exists.

Continuous resistance can be provided even though
maximun capacity be exceeded.

Anchor is recoverable.

Disadvantages

Anchor is incapable of sustaining uplift loading.
Anchor is usable with wire or chain mooring lines.
Anchor does not function in hard seafloors.
Anchor behavior is erratic in layered seafloors.
Resistance to uplift is low; therefore, large line
scopes are required to cause near horizontal
loading at seafloor. o
Penetrating/dragging anchor can damage pipelines,
cables, and so forth.

Advantages

Anchor has large vertical reaction component,
permitting shorter mooring-line scope.

NO setting distance is required.

Anchor has reliable holding force because most
holding force is due to anchor mass.

Simple, onsite constructions are feasible.

Size is limited only to load-handling equipment.
Anchor is economical If material is readily
available.

Anchor is reliable on thin sediment cover over
rock.

Mooring-line connection is easy to inspect and
service.

Disadvantages

Lateral load resistance is low compared to that
for other anchor types.

Usable water depth Is reduced; deadweight can be
an undesirable obstruction. _
Anchor requires large-capacity load-handling
equipment for placement.

Pile Anchor

Direct-Embedment Anchor

Advantages

High capacity (> 100,000 pounds) is achievable.
Anchor resists uplift as well as lateral loads.
permitting use with short mooring-line scopes.

Anchor setting is not required.

Anchor dragging is eliminated.

Short mooring-line scopes permit use in areas of
limited area room or where minimum vessel excur -
sions are required.

Drilled and grouted piles are especially suitable
for hard coral or rock seafloor.

Anchor does not protrude above seafloor.

driven piles are cost-competitive with other high-
capacity anchors when driving equipment is
available.

Wide range of sizes and shapes is possible (such
as pipe and structural shapes).

Field modifications permit piles to be tailored to
suit requirements of particular application.

Accurate anchor placement is possible.

Anchor can be driven into layered seafloors.

Disadvantages

Taut moorings may aggravate ship response to waves
(low resilience).

Taut lines and fittings must continuously with-
stand high stress levels.

Drilled and grouted piles incur high installation
coats and require special skills and equipment
for installation.

Costs increase rapidly in deep water or exposed
locations where special installation vessels are
required.

Special equipment (gle extractor) is required to
retrieve or refurbish the mooring.

More extensive site data are required than for
other anchor types.

Pile-driving equipment must maintain Position
during installation.

Truefor any taut mooring

Advantages

High capacity (> 100,000 pounds) is achievable.

Anchor resists uplift as well as lateral loads,
permitting shorter mooring-line scope.

Anchor drag?in%isalaminated.

Anchor has higher holding capacity-to-weight ratio
than any other type of anchor.

Handlhing is simplified due to relatively light
weight.

Anchors can function on moderate slopes and in
hard seafloors. *

Instillation is simplified due to the possibility
of instantaneous embedment on seafloor contact. *

Accurate anchor placement is possible.

Anchor does not protrude above seafloor.

Anchor can accommodate layered seafloors or sea-
floors with variable resistance because of con-
tinuos power expenditure during penetra-
tion .

Penetration is controlled and can be moni-
tored®*

Disadvantages

Anchor is susceptible to cyclic load-strength
reduction when used in taut moorings in loose-

| and or coarse-silt seafloors.

For critical moorings, knowledge of soil engineer-
inghproper_ties is required.

Anchor typically is not recoverable.

Special consideration is needed for ordnance.’
Anchor c‘alble is susceptible to abrasion and
fatigue.

Gun system is not geneIaIIy retrievable in deep
water (>1,000 feet).” o )
Surface vessel must maintain position during
installation.2,3,4 23
Operation i1slimited to sediment seafloors. <

'Propellant-embedded | nchor
*Screw-in anchor

j\éibrated—i anchor
riven anchor
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TABLE 4
Per f ormance of Drag-Enmbednment Anchors According to Soi

Type

Soi | Type Description Anchor Capacity

Md........ Nor mal 'y consol i dat ed, Hol di ng capacity is reasonably
very soft to soft, consi stent provided anchor flukes
silt- to clay-size trip open. Certain anchors
sedi ment typical requi re special care during
of harbors and bays installation to ensure fluke

tripping.

Sand . . . .. .. Medium to dense sand Hol di ng capacity is consistent
typi cal of nost provi ded appropriate sand fl uke
near shore deposits angle is used

Clay |..1.. | Mediumto stiff cohesive Good hol di ng capacity which wll
soil; soil shear range between that provided for
strength considered sand and nud. Use nmud val ue con-
constant with depth servatively or linearly inter-

pol ate between sand and nud
anchor capacity. For stiff clay,
use sand fluke angle.

Hard Soi | Very stiff and hard Hol di ng capacity is consistent
clay; seafloor type provi ded anchor penetrates; nay
can occur in high- have to fix flukes open at sand
current, glaciated, fluke angle to enhance enbednent;
dredged areas jetting may be required. Use

hol di ng capacity equal to 75
percent sand anchor capacity.

Layered Seaf | oor consisting Anchor performance can be erratic

Seafl oor ..,

of sand, gravel
and/or mud | ayers

clay,

Can al so include areas
where coral or rock is
overlain by a thin
sedi ment layer that is
insufficient to
devel op anchor capacity

Contact Naval G vil Engineering
Laboratory (NCEL) for assistance
i f anchors cannot be proof-

| oaded to verify safe capacity.

Unsati sfactory seafloor for
permanent noorings. Can be suit-
able for tenporary anchoring if
anchor snags on an outcrop or
falls into a crevice. Consider
propel | ant - enbedded anchors;
contact NCEL for assistance.
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soil type. Values for mud range from45 to 50 degrees and for sand from 29
to 35 degrees. In soft seafloors, the flukes of some anchors, such as the
St ockl ess anchor, should be wel ded open to assure anchor tripping.

(2) Types of Drag-Enbedment Anchors. Figure 14 presents severa
drag- enbednent anchors which have been tested by the Naval Cvil Engineering
Laboratory (NCEL). Detailed drawi ngs of these anchors are presented in
DM 26.6, Section 4, along with tables which furnish dimensional and strength
data for each of the anchors. Procedures for drag-enmbednent anchor selection
are presented in Section 5 (DM 26.5).

The Navy Stockl ess anchor (Figure 12) was designed for use as a ship’s
anchor. Consequently, it is easily recoverable and |ess efficient than nost
anchors available for fleet-nooring use. Performance of the Stockless
anchor is enhanced by using stabilizers and, when the anchor is used in nud,
by wel ding the flukes open. Despite its limtations, the Stockless anchor
has been tested extensively and is preferred for use in fleet moorings.
Subsection 5.6 presents methods for using Stockless anchors to satisfy the
majority of fleet-mooring hol ding-capacity requirements.

The NAVFAC Stato anchor was devel oped specifically for use in Navy fleet
moorings. The Stato anchor is a nore efficient anchor than the Stockless
anchor, and it has been used for fleet noorings in the past. Subsection 5.6
presents procedures for sizing and selecting Stato anchors.

b. Pile Anchors. A pile anchor consists of a structural menber
driven vertically into the seafloor, designed to withstand lateral (hori-
zontal) and axial (vertical) loading. Pile anchors are generally sinple
structural steel shapes fitted with a nooring-line connection. Pile anchors
are installed by driving, drilling, or jetting. Hgh installation costs
usual ly preclude their use when drag-enbednent, deadweight, or direct-
enmbednent anchors are available. Pile anchors are particularly well-suited
when a short-scope nooring is desired, when rigid vessel positioning is
required, when seafloor characteristics are unsuitable for other anchor
types, or when material and installation equipnent are readily available.

(1) Anchor Performance. Piles achieve their lateral and axial
hol di ng capacity by nobilizing the strength of the surrounding seafloor soil
The lateral strength of a pile anchor is derived fromlateral earth pressure
and its axial strength is derived fromskin friction. (See Figure 15.) Pile
anchors may fail in three ways: by pulling out of the seafloor, by excessive
deflection, or by structural failure. In the first, the anchor pile may pul
out of the seafloor when uplift |oads exceed the axial capacity offered by
skin friction. In the second, lateral |oads applied at the upper end of the
pile will generally cause the pile head and surrounding soil to deflect.
Excessive and repeated deflections of the pile head and surrounding soil wll
cause a reduction in soil strength and nmay result in failure of the pile
anchor. Finally, large lateral loads on a Pile may result in stresses in the
pil e which exceed its-structural strength. Pile-anchor design considers each
of these failure nodes.

(2) Types of Pile Anchors. Three exanples of pile anchors are
presented in Figure 16. Each of these pile anchors uses a different type of
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structural steel shape: a pipe pile (Figure 16A), a wide-flange (W)
section (Figure 16B), or a built-up section conposed of T-sections (Fig-

ure 16C). Pipe piles are well-suited as anchors because they can sustain

| oading equally in any direction (although the nooring-1ine connection may
not) . In contrast, wde-flange sections possess both a weak and a strong
axi s against bending. Built-up sections may be fabricated with other strut-
tural shapes to resist either multidirectional or unidirectional l|oading. A
pile anchor nmust be fitted with a nooring-line connection. Typical nooring-
l'ine connections for pipe piles, W-sections, and built-up sections are shown
in Figures 16A, 16B, and 16C, respectively.

Several locations for nooring-line connections are shown in Figure 17.
Soi|l strength generally increases with depth; therefore, locating the pile
head bel ow the seafloor (Figure 17A) places the pile in stronger soil
Furthernore, lateral pressure on the nooring chain contributes sonewhat to
the total capacity of the pile anchor. A chain bridle, |ocated at or near
the center of the pile (Figure 17B), can reduce the bending monent in a pile.
Locating the mooring-line connection padeye at or near the center of the pile
(Figure 17C) has the same effect as the above nethod of connection but at an
increased cost in fabrication. Detailed design procedures for pile anchors
may be found in Handbook of Marine Geotechnol ogy, Chapter 5 (NCEL, 1983a)

c. Deadwei ght Anchors. A deadwei ght anchor is a |large mass of concrete
or steel which relies on its own weight to resist lateral and uplift | oading.
Lateral capacity of a deadwei ght anchor w Il not exceed the weight of the
anchor and is nore often sonme fraction of it. Deadweight-anchor construction
may vary from sinple concrete clunps to specially manufactured concrete and
steel anchors with shear keys. Deadweight anchors are generally larger and
heavi er than other types of anchors. [Installation of deadweight anchors may
require large cranes, barges, and other heavy |oad-handling equipnent.

(1) Anchor Performance. Deadwei ght anchors are designed to wth-
stand uplift and lateral |oads and overturning nonents. Uplift |oads are
resisted by anchor weight and by breakout forces. Lateral capacity is
attained by nobilizing soil strength through a nunmber of mechanisns, depend-
ing upon anchor and soil type. Inits nost sinple form the [ateral load is
resisted by static friction between the anchor block and the seafl oor.
Static-friction coefficients are generally less for cohesive seafloors (clay
or mud) than for cohesionless seafloors (sand or gravel). Friction-
coefficient values are often very small inmediately after anchor placenent on
cohesive seafloors. However, these values increase with time as the soil
beneath the anchor consolidates and strengthens. Deadwei ght anchors shoul d
not be used on sloped seafl oors.

A deadwei ght anchor will drag when the applied |oad exceeds the resist-
ance offered by static friction. Once dragging occurs, the anchor tends to
dig in somewhat as soil builds up in front of the anchor (Figure 18). Under
these circunstances, the lateral capacity of the anchor results from shear
forces along the anchor base and sides and fromthe forces required to cause
failure of the wedge of soil in front of the anchor. Suction forces are
i nduced at the rear of the anchor, but these are normally neglected for
desi gn purposes.
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Loads Acting on a Deadwei ght Anchor

The lateral capacity of a deadwei ght anchor on cohesive seafloors nmay be
increased with shear keys (cutting edges), as shown in Figure 19. Shear keys
are designed to penetrate weaker surface soil to the deeper, stronger mate-
rial. Shear keys may be |ocated on the perineter of the anchor to prevent
undermini ng of the anchor. Shear keys are not used for cohesionless soils
because they provide mniml additional |ateral capacity.

(2) Types of Deadwei ght Anchors. Deadwei ght anchors nmay be fabri -
cated in a variety of shapes and froma variety of materials. Figure 20
presents several types of deadwei ght anchors. One of the major advantages of
deadwei ght anchors is their sinplicity. Therefore, the additional capacity
of fered by special nodifications should be bal anced agai nst increased fabri-
cation costs. Detailed design procedures for deadwei ght anchors may be found
i n Handbook of Marine CGeotechnol ogy, Chapter 4 (NCEL, 1983a).

d. Direct-Enmbedment Anchors. A direct-enbedment anchor is driven
vibrated, or propelled vertically into the seafloor, after which the anchor
fluke is expanded or reoriented to increase pullout resistance.

(1) Anchor Performance. Direct-enbedment anchors” are capable of
wi t hstanding both uplift and lateral |oading. Direct-enbedment anchors
achieve their holding capacity by nobilizing soil bearing strength. Figure 21
presents two nodes of failure for direct-enmbedment anchors. Shall ow anchor
failure is characterized by renmoval of the soil plug overlying the anchor
fluke as the anchor is displaced under |oading. A deep anchor failure
occurs when soil flows from above to bel ow the anchor as the anchor is dis-
placed under load. The tendency toward the shallow or deep anchor-failure
mode depends upon the size of the anchor fluke and the depth of enbedment.

Di rect-enbednent anchors are sensitive to dynam c |oading. Therefore, design
procedures must include analysis of anchor capacity under cyclic and inpul se
| oadi ngs.
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Deadwei ght Anchor Wth Shear Keys

(2) Types of Direct-Enbednent Anchors. Several types of direct-
enbednent anchors have been devel oped. Propel | ant - enbedded anchor (PEA)
systens devel oped by NCEL are discussed below. A discussion of other types
of direct-enbedment anchors is presented in Handbook of Marine Geotechnol ogy,
Chapter 6 (NCEL, 1983a), along with detailed procedures for static and dynamc
design of direct-enbedment anchors.

A schematic of the CHESNAVFAC | OCK propel | ant - embedded anchor is shown
in Figure 22. Flukes for the 100K propellant-enbedded anchor are avail able
for use in either sand or clay. The nost significant advantage of the
propel | ant - enbedded anchor is that it can be enbedded instantaneously into
the seafloor. This process is illustrated in Figure 23. Propellant-enbedded
anchors are receiving increased use in fleet-nooring installations. However
use of a fleet nooring incorporating a propellant-enbedded anchor wl|l
require consultation with the anchor devel oper (NCEL) and the operator
( CHESNAVFAC FPO-1).

3. SINKERS. A sinker is a weight, usually made of concrete, used to assure
hori zontal |oading at the anchor and to absorb energy. The sinker used in
standard Navy moorings is shown in Figure 24. Dinensions of the sinker
depend upon desired sinker weight. A steel rod (hairpin) is cast into the
sinker to provide for connection to a nooring chain. Dinensional data and
quantities of materials required to fabricate standard concrete sinkers are
given in Tables 77 and 119 of DM 26.6, Section 6.
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Types of Deadwei ght Anchors

Placing a sinker on a nooring leg will affect the energy-absorbing
characteristics of a mooring system a well-placed, adequately sized sinker
can enhance the energy-absorbing characteristics of a mooring. However
i mproper sinker weight or placement nay have the opposite effect. A dis-
cussion of sinkers and energy absorption is presented in Section 4.

The connection between the mooring chain and the sinker is critical to
design. If this connection fails, the sinker will be lost and the entire
mooring may fail. Therefore, certain precautions nust be observed. First
the connection nmust allow free noverment of the chain links to avoid distor-
tion and failure of the links. Second, a sinker nmust not be cast around the
chain itself.

4, MOORING CHAIN. Chain is used in all standard Navy moorings in |ieu of
other mooring-line types, such as synthetic fiber, natural fiber, or wire
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Failure Modes for Direct-Enbednent Anchors

rope, because the Navy has a |arge amount of experience with chain. Al so
chain has relatively good resistance to abrasion and has good shock-absorbing
characteristics.

Mooring chain with links having center cross-bars is called stud Iink
chain. The general features of stud link chain are presented in Figure 25.
The center stud is designed to hold the link in its original shape under
tension and to prevent the chain fromkinking when it is piled. The differ-
ent types of chain, the different types of chain links, chain size, chain
strength, and chain protection are sumuarized in the follow ng paragraphs.

a. Chain Txges. There are three major types of nooring chain used by
the Navy: cast, ash butt-wel ded, and dilok. These chain types differ from

one another in their methods of manufacture and their strengths. Both cast
and flash butt-welded stud link chain are used in Navy fleet moorings,. while
dilok is used primarily as ship’s chain
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Concrete Sinker Used in Standard Navy Moorings

In standard fleet noorings, both cast and flash butt-wel ded chain are
referred to as Navy common A-l1ink chain. The commercially avail able equiva-
lent is known as American Bureau of Shipping (ABS) stud link chain. ABS stud
link chain is available in several grades, which are classified by ABS
according to chain strength: Gade 1, Gade 2, Gade 3, oil-rig quality, and
extra-strength. Navy conmon A-link chain is slightly stronger than ABS
Gade 2 chain, but the latter is an acceptable substitute.

(1) Cast Chain. The stud is cast as an integral part of a cast
chain link. A cast chain link is shown in Figure 26A. Due to interna
i mperfections (defects), poor grain structure, and poor surface integrity
comonl y associated with the casting process, cast chain is perceived as
being less desirable than flash butt-welded chain. These internal defects
are presumed to make the chain vulnerable to corrosion and simlar strength-
degradati on nmechanisns. This vulnerability can be mnimzed through adequate
i nspection and quality-control techniques. One advantage of cast chain is
that the stud, being an integral part of the link, cannot be |ost.

(2) Flash Butt-Wlded Chain. Two types of flash butt-welded chain
links are shown in Figure 26B, the standard double stud weld link and the FM3
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General Features of Stud Link Chain

link with pressed-in stud and threaded hole. Flash butt-welded chain may be
fabricated by one of several nethods. The general process involves forging a
steel rod into a link shape and flash-butt welding the link closed at the
joint. The stud is inserted before the netal cools and the link is pressed
together on the stud. In some types, the stud is then welded in place. The
type of fabrication used for flash butt-welded chain is believed to provide

a better quality link, less prone to internal and surface inperfections, than
a cast chain link,

(3) Dilok Chain. Dilok chainis a forged chain which requires no
wel ding or adhesion of metal during fabrication. Figure 26C shows the
general features of a dilok chain link. Each dilok [ink consists of a male
and a female part. The link is fabricated by first punching out the female
end and heating it. The male end is then threaded through the next |ink and
inserted cold into the female end, which is then hammered down over the nale
end. This process results in a link, of relatively uniformstrength, which
is usually stronger than a cast or flash butt-welded |link of the same size.

There is some evidence that dilok chain is nore susceptible to failure
than stud link chain. Due to the nature of construction of dilok chain,
there is the possibility of water seeping in through the |ocking area and
causi ng crevice corrosion which is not detectable during a visual inspection.
The use of dilok chain in fleet moorings is not recomended due to the above
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concerns “about the long-termintegrity of dilok chain in a corrosive marine
envi ronment .

b. Chain Links. Different sizes and shapes of |inks used to make up
mooring chain are designated by letter (Figure 27):

(1) A-Link. This is the common type of |ink used

(2) B-Link. The B-link is like an A-link but has a slightly
| arger chain diameter.

(3) CGLink. The CGlink is along stud link with a stud
pl aced close to one end. A D or F-shackle pin can
pass through its |arger opening.

(4) E-Link. The E-link is an enlarged open link, like the
G link but without a stud. (This is also called an
open end link.) A D or F-shackle eye can be threaded
through an E-1ink.

(5) D-Link (Dshackle) and F-Link (F-shackle). Because
D and F-links are shackles, they are discussed in
Subsection 3.5.a.(4).

B-, G, and E-links, which always have proportionately |arger chain
dianeters than those of A-links, are used extensively as intermediate |inks
to go froma |arger-diameter connector to a snaller-diameter A-link. (See
Figure 27A.) Table 5 summarizes ternminology and uses for chain |inks.

c. Chain Size. There are three nmeasures of chain size inportant to the
design of fleet moorings: chain dianeter, chain pitch, and chain |ength.
(See Figure 25.) The chain diameter is associated with chain strength. The
inside length (pitch) of a chain link is inportant in determning the dinen-
sions of sprockets used to handle chain. Chain length is generally reported
in 15-fathom (90-foot) |engths known as shots. Moring chain is normally
ordered in either shots or half shots

Size and weight data for each of the chain types discussed above are
presented in DWM26.6: Table 94 gives these data for Navy common A-link
chain, Tables 11 and 12 give these data for several grades of ABS stud |ink
chain, and Tables 13, 14, and 15 give these data for several grades of dil ok
chain.

d. Chain Strength.

(1) Strength Tests. A break test and a proof test are required
before chain is accepted fromthe nmanufacturer. A break test consists of
| oading three links of chain in tension to a designated breaking strength of
that grade and size chain. The ultimate strength of the chain will be
referred to subsequently as the breaking strength of the chain. A proof test
consi sts of applying about 70 percent of the designated breaking strength to
each shot of chain. The strength of chain measured in the proof test will be
referred to subsequently as the proof strength of the chain.

ABS stud link chain is available in several grades; these grades differ
in strength characteristics, chemcal conposition, and netallurgy. The
breaki ng strengths and proof strengths of several grades of ABS stud |ink
chain are given in Tables 11 and 12 of DW26.6; these data are reported in
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Chai n Li nks

Tabl es 13, 14, and 15 of DM 26.6 for dilok chain and in Table 95 of DM 26.6
for Navy common A-link chain.

e. Chain Protection. Moring chain is susceptible to two basic forns
of corrosion: uniform and fretting. Uniform corrosion occurs over the
entire chain link. The link initially corrodes at a relatively fast, uniform
rate, which then decreases with time. Fretting corrosion, which is nore
damaging and nmore difficult to prevent, occurs at the grip area of the link
It results when novenment of the chain links under |oad grinds away the outer,
corroded | ayer of steel in the grip area. This process continuously exposes
new, noncorroded surfaces of the steel, which are then corroded at the
initial, faster, corrosion rate. Loss of chain diameter is accelerated in
the grip area and the useful life of the chain is reduced.
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Chai n Links:

TABLE 5

Term nol ogy and Uses

Ter m nol ogy

New

O her

Uses

Common stud link chain

Enl arged |ink

Joi ning shackl e

End |ink

Anchor joining shackle

A-1ink
Common |ink
Stud link chain

B-1ink
C-link
D-1ink
D- shackl e

Joi ning shackle
“D type

E-1ink
Open end link

F-1ink

F- shackl e

End shackl e

Bendi ng shackl e

Anchor shackl e
“D type

The conmon type of |ink used

An adaptor |ink used between
the common stud |link chain
and the end link

Used as an end link, this
link will allow the pin of a
shackl e to pass through it

Used to connect two end |inks
t oget her

Comercially used as the “end
l'ink” on a shot of chain,
allowing a joining shackle to
connect the two shots of
chain together

Used to connect the end Iink
to an anchor shank and ot her
structural supports
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Plans are underway to incorporate cathodic protection in all standard
fleet noorings. Cathodic protection should be considered for each standard
fleet mooring in an attenpt to deter corrosion and extend the useful |ife of
mooring chain. The follow ng guidelines apply to the use of cathodic protec-
t ion:

The use of cathodic protection on high-strength steel could
cause hydrogen enbrittlenent of the steel. For this reason
cathodi c protection should not be used on dilok chain or retrofits
of existing moorings with chain that is not FM3. Only mlitary-
grade zinc (ML-A-18001, 1983) should be used for anodes. Each
chain link and fitting should be electrically grounded to the
anode.

f. Specifications. Specifications governing fabrication and strength
requirenents of cast and flash butt-welded stud link chain are included in
M L-C 18295 (1976). Specifications concerning the fabrication and strength
requi rements of dilok chain are included in ML-C 19944 (1961).

5. MOORING CHAIN FITTINGS. Mooring-chain fittings include the hardware used
to interconnect nooring elements, as well as the hardware used during nooring
operations. The former, an integral part of the mooring, will be referred to
in this manual as common chain fittings, while the latter will be referred to
as mscellaneous chain fittings. Both types of fittings are discussed bel ow.

a. Common Chain Fittings. Chain fittings used to connect chain shots
to one another, chain to anchor, chain to buoy, chain to ground ring, and so
forth, are discussed below. Term nology and uses of several of these fittings
are summarized in Table 6.

(1) Detachable Links. Detachable links, also called joining links
or chain-connecting |links, are used to connect shots of chain. An exanple of
a detachable link is shown in Figure 28A. A detachable link consists of two
parts which can be separated in the field. As a rule, detachable links are
designed to join together only one size of chain. Normally, the links have
the same breaking strength as that of the connected chain. Experience has
shown that nmost chain failures are due to detachable-link failures. Standard
practice in industry is to use the next larger size or higher grade of detach-
able link for added strength. However, these detachable |inks nmust be
checked to determine if they are conpatible in size with other links or
fittings.

Di mensi onal and strength data for comercially avail abl e detachable
links are given in Tables 22 through 25 of DM 26.6, Section 4. These data
are given for detachable links used in standard fleet moorings in Tables 96
through 100 of DM 26.6, Section 6.

(2) Anchor Joining Links. Anchor joining links are used to join
common A-link chain to enlarged connections, such as ground rings, buoy |ugs,
padeyes, anchor shackles, and end links. Figure 28B shows an exanple of a
pear - shaped anchor joining |ink.

Di mensi onal and strength data for comercially available anchor joining
links are presented in Tables 25 and 26 of DM 26.6, Section 4. D nensiona
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TABLE 6

Chain Fittings:

Ter mi nol ogy and Uses

Ter m nol ogy

New

O her

Uses

Det achabl e joining |ink

Anchor joining |ink

Pear |ink

Si nker shackl e

Buoy shackl e

Swi vel

Gound ring

Spider plate

Det achabl e 1ink
Lugl ess joi ning shackl e
Det achabl e connecti ng

l'i nk

Det achabl e chai n-
connecting |ink

Kent er shackl e

Det achabl e anchor
connecting |ink

Pear - shaped end |ink
Pear - shaped 1ink
Pear - shaped ri ng

Si nker

End j oi ni ng shackl e

Swi vel

shackl e

Gound ring

Spi der

Connects commmon st ud
l'ink chain together

Connects common stud
l'ink chain to ground
rings, buoy shackles,
pear |inks, swvels,
spi der plates, and
tension bars

Used as an adaptor, for
exanple, to connect
the ground ring to an
anchor joining link

Connects sinkers to
commn stud |ink
chain: this shackle
is not considered a
structural nenber of
t he moori ng

Used to connect an end
l'ink or anchor joining
shackl e to the buoy
t ensi on bar

Allows the chain to
rotate

Used to connect riser
chain to several ground
| egs

Used to join severa
chai ns together
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and strength data for anchor joining |inks used in standard Navy noorings are
given in Tables 101 through 108 of DM 26.6, Section 6.

(3) End Links. Several types of links may be classified as end
links. These are discussed bel ow

(a) Pear-shaped end |inks. A pear-shaped end |ink, shown in
Figure 28C, is a chain link with an enlarged end having an increased chain
diameter. In standard noorings, pear-shaped end |inks are used to connect
the ship’s chain to a buoy (see Figure 11).

(b) Enlarged end links. Shots of chain sonetines have
enlarged end links, such as the CG-link and the E-link. (See Figure 26.)
Enlarged end links are used to connect a larger-dianeter link to a smaller-
dianeter link. The CGlink is wide and elongated, with an offcenter stud. A
D or F-shackle pin can pass through its larger opening. The E-link (open
end link) is like the CGlink but without a stud. A D or F-shackle lug can
pass through an E-link.

Di mensi onal and strength data for conmercially available end links are
presented in Tables 18 through 21 of DW 26.6, Section 4. Dinensional and
strength data for end links used in standard Navy noorings are given in
Table 109 of DM 26.6, Section 6.

(4) Shackles. Four types of shackles are used in fleet noorings:
joining shackl es (D shackles), bending shackles (F-shackles), sinker
shackl es, and buoy shackles. Joining, bending, and sinker shackles are used
in fleet moorings to connect chain to anchors, ground rings, buoy |ugs,
padeyes, and so forth. A joining (or D) shackle joins shots of chain having
B-, G, or E-enlarged end links. A D-shackle is simlar to, but smaller
than, an F-shackle. A bending (F-) shackle, shown in Figure 29A is an
enl arged end-connecting shackle. Enlarged end links (B-, C, or E-links) are
required at the end of the chain before the shackle can be attached. A
sinker shackle is a special fitting for joining a sinker to a chain. It has
an el ongated shank made to fasten around the width of an A-link and provides
a connection for a detachable or A-link fastened to the sinker. (See Figure
29B.) Buoy shackles are used to connect an end link or bending shackle (F-
link) to the buoy tension bar

Di mensi onal and strength data for various conmercially avail abl e shackl es
are given in Tables 27 through 34 of DM 26.6, Section 4. Dinensional and
strength data for shackles used in standard Navy moorings are presented in
Tables 110 and 111 and Figure 6 of DM 26.6, Section 6.

(5) Swivels. Swivels are shown in Figure 30A. A swivel consists
of two pieces. The male end fits inside the female end and is retained by a
button which is an integral part of the male end. In regular swivels, both
pi eces have closed ends which are connected to chain links or detachable

1 inks. A swivel shackle is a variation of the swivel in which both parts
have a shackl e opening. Swivels prevent twist in the riser chain and ground

legs of a mooring. A twisted ground |eg without a swivel has enough torque
to rotate an anchor and cause its failure.
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Di nensi onal and strength data for conmercially available swivels are
given in Tables 35 through 39 of DM 26.6, Section 4. Dinensional and strength
data for swivels used in standard Navy noorings are shown in Table 113 of
DM 26. 6, Section 6.

(6) Gound Rings. A ground ring joins the riser chain to the
ground legs in a riser-type nmooring. Figure 30B shows a ground ring

D nensi onal and strength data for commercially available ground rings
are given in Tables 20 and 21 of DM 26.6, Section 4. Dinensional and strength
data for ground rings used in standard Navy nmoorings are given in Table 112
of DM 26.6, Section 6.

(7) Spider Plates. A spider plate is a steel plate with three or
more holes used to connect several chains. In riser noorings, three pairs of
ground legs are sometines used, extending out fromthe ground ring 120 degrees
apart. (See DM 26.6, Section 5, Figures 1 and 2. In Figure 1, a spider
plate is used to connect the two legs of a pair to the end-link assenbly
connected to the ground ring.) Figure 30C presents a spider plate used in
standard moorings. Dinensional and strength data for spider plates used in
standard Navy noorings are given in Figure 7 of DM 26.6, Section 6.

(8) Rubbing Casting. A rubbing casting is a cast-steel block (nade
in two parts) that can be bolted around a chain. The rubbing casting fits
i nside the hawsepi pe of a hawsepi pe-type buoy and prevents the riser chain
from contacting or rubbing the hawsepipe as the chain |eaves the buoy. A
rubbing casting is shown in Figure 30D. Dinensional data for rubbing cast-
ings used in standard” Navy noorings are given in Table 114 of DM 26.6,
Section 6.

(9) Quick-Rel ease Hooks. A quick-release hook, shown in Figure 31,
is placed at the top of a mooring buoy when a ship’s line nust be rel eased
quickly in an energency. It is used for offshore fuel-Ioading type noorings,
as’ well as for other types of noorings. Fitting details for comrercially
avai | abl e qui ck-rel ease hooks are given in Table 43 of DM 26.6, Section 1
Fitting details for quick-release hooks used in standard Navy noorings are
given in Figure 8 of D 26.6, Section 4.

(10) Equalizers.. Equalizers are used to equally distribute |oad
anong groups of propellant-enmbedded or pile anchors on the same ground | eg.
G oups of anchors are used on one ground | eg when nooring-Iline | oads cal cu-
lated for the leg exceed the rated capacity of a single anchor. Equalizers
prevent overloading of the individual anchors in the group. Propellant-
enbedded and pile anchors will not nove unless overloaded; however, once
over | oaded, the anchor cannot recover its lost holding power. Wen a group
of anchors on the same leg are |oaded at the sane tine, overloading wll
occur unless the load is equally shared anong the individual anchors. To
equal i ze the | oad between two anchors in a pair, the chains fromthe anchors
are connected together and passed through an equalizer, and the load is
applied to the equalizer (Figure 32). Figure 33 shows a typical sliding-type
equal i zer. The interconnected chains are allowed to slide over a curved
pl ate. Unequal tension on one of the chains forces the chain to slip over
the plate to equalize the chain |ength/l oad.
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b. Mscellaneous Chain Fittings. Several devices are used to handle
mooring chain during nooring installation and retrieval and during other
mooring operations. These devices, shown in Figure 34, are discussed bel ow.

(1) Rel ease Hooks. A release hook, shown in Figure 34A is a
device that can be quick-released by pulling a pin with a release |ine.
Rel ease hooks are used to place mooring anchors and weights into the water.

(2) Chain Clanps. Chain clanps are used to hook or engage the nain
hoisting tackle to the nooring chain when laying or recovering noorings. The
clanp prevents danage that would result from sudden slippage of the load. A
chain clamp consists of two steel plates tightly fastened with two bolts
across one link of the mooring chain, as shown in Figure 34B. The clanp fits
tightly against the two adjoined |inks because the two plates are grooved on
each edge to fit the I|inks.

(3) Chain Stoppers. Chain stoppers are used in groups of two or
nore to secure a nooring chain. They relieve the strain on a wndlass due to
towing | oads or nooring-chain loads. In fleet-mooring installations, chain
stoppers are used to tenporarily secure parts of the mooring, allow ng these
parts to be connected while not under tension. There are two mgjor Kinds of
chain stoppers: the pelican hook and the dog-type. The Navy prefers the
pel i can hook, while nerchant ships generally use the dog-type. These two
types are discussed bel ow
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The pelican hook has jaws which are fastened around a link of chain and
held in place with a pin. Typically, the pelican hook is connected to a
turnbuckl e by a detachable link. Another detachable |ink connects the other
end of the turnbuckle to a shackle, which is pinned through a padeye wel ded
to the deck surface. A diagramof this arrangenment is shown in Figure 34C
Fi gure 35A shows how pelican-hook chain stoppers are used to relieve |oad on
a windlass while a floating drydock is being towed.

The dog-type chain stopper has a stationary plate, welded to the deck,
and a novable | ever (dog). The chain is passed between the plate and the
dog. VWen the links nmove into proper alinenent, the dog catches between
links and the chain is secured. A diagram of the dog-type chain stopper is
shown in Figure 34D. Figure 35B shows how dog-type chain stoppers are used
to secure a floating drydock.

Di nensional and strength data for commercially available chain stoppers
are given in Tables 40, 41, and 42 Of DW 26.6, Section 4.

c. Strength Tests. Al new chain fittings are proof tested, and
fittings having the greatest elongation are subjected to a break test and a
flawdetection test. Surface defects are filed or ground away until they are
no longer visible by a flawdetecting method. Fittings Wth najor defects
are rejected. \Were ’'identification marks or stanpings are required on a
fitting, they are located on the |east-stressed parts.

6. BUOYS . Four types of buoys are discussed below riser-type, telephone-
type, nmarker-type, and navigational. The two nost inportant types used in
fleet noorings are the riser-type and the tel ephone-type. These differ from
one another in the configuration of the ground tackle used to secure themto
their anchorages. Both types have fendering systems on the top and around
the outside to protect the buoy from abrasion and chafing. Moring-buoy
fendering systems are usually made of wood. \Wile wooden fenders are easily
fabricated, they are also very susceptible to damage by marine boring organ-
isnms when in contact with sea water, especially in warmwaters, for an
extended period of time. Therefore, priority consideration should be given
to rubber as the fender material

Buoy size depends upon the maximum pull it nmay be subjected to and upon
the wei ght of the chain supported by the buoy. Large buoys have an air-
connection plug for blow ng out water that may have |eaked into the buoy.

a. Riser-Type Buoys. Riser-type buoys are used in riser-type noorings
(See Figure 1.) Riser-type buoys may be of two types: tension-bar and
hawsepi pe.

1) Tension-Bar. Tension-bar, riser-type buoys have a vertical
tension bar (rod) which passes through the cylindrical body of the buoy, with
fittings at each end. The riser chain is connected to the subnerged end of
the tension bar, while a mooring line(s) is attached to the other end. A
typical tension-bar, riser-type buoy is shown in Figure 36A. Typical details
are presented in DM 26.6, sections 4 and 6.

2) Hawsepi pe. Hawsepipe, riser-type buoys have a central hawsepipe
through which the riser chainis run. The top link of the riser chainis
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held with a slotted chain plate on the top of the buoy. An anchor joining
link and end link are attached to the top chain |ink, above the supporting
plate. The ship’s chain is attached to the end link on the buoy with a
shackle. (See Figure 11.) A steel rubbing casting is attached to the chain
where it |eaves the bottom of the hawsepipe. (See Figure 281.) The rubbing
casting mnimzes wear on the riser chain and on the hawsepi pe. Hawsepi pe
“riser-type buoys have three conpartnents and plugs for blowi ng out water with
conpressed air. Two typical hawsepipe, riser-type buoys are shown in Fig-
ure 36: Figure 36B shows a cylindrical hawsepi pe buoy and Figure 36C shows a
peg-top hawsepi pe buoy. Typical details are presented in DM 26.6, Sections 4
and 6.

The advantage of the hawsepi pe-type of riser-type buoy is that any pul
may be nmade through the buoy, provided that the riser chain can pass through
t he hawsepi pe and that the chain has the proper strength for the pull
However, chain within a hawsepipe is difficult to inspect; consequently,
tensi on-bar buoys are preferred to hawsepi pe buoys. It is common practice to
repl ace the hawsepi pe assenbly with a tension-bar assenbly.

b. Tel ephone- Type Buoys. Tel ephone-type buoys are used in tel ephone-
type moorings. (See Figure 2.) A telephone-type buoy is secured in place by
ground-leg chains attached to three or four eyes projecting fromthe circular
bottom edges of the buoy. The ground-leg chains extend to anchors on the
bottom At the top of the buoy is a swivel, where ship’s chain nay be
connected. The eyes, which are equally spaced around the bottom of the buoy,
are located at the ends of tension bars that pass diagonally up through the
buoy to the center, in line with the swivel. There nay be three or four
tension bars. The three-bar type is the one normally used; a four-bar type
is used for bow and-stern nmoorings where broadsi de wi nds produce heavy | oads
in mooring lines. Telephone-type buoys have three conpartnents with com
pressed air connections for ejecting water. A typical telephone-type buoy is
shown in Figure 37. Tel ephone-type buoys are larger than riser-type buoys
because they have to support three or four ground-leg chains, as well as, in
their original usage, a telephone cable, instead of the single riser chain of
a riser-type buoy.

c. Marker-Type Buoys. Marker-type buoys are usually spherical or
barrel -shaped. (See Figure 38.) These buoys are connected to the end of
submerged chains that nmust be recovered for future use. They also mark a
particular location. For example, in fuel-oil noorings, they |ocate the end
of the oil hose. Typical details are presented in DM 26.6, Section 6

d. Navigational Buoys. Navigational buoys and accessories are nade in
accordance with U 'S. Coast Guard specifications. (See DM26.1, Section 4.)
A typical navigational buoy and mooring are shown in Figure 10. Navigationa
buoys are used to delinit a channel in a harbor or river, as well as to nark
the location of an obstruction or a navigational hazard. Typical details are
presented in DM 26.6, Section 7.

7+ METRI C EQUI VALENCE CHART. The followi ng netric equival ents were devel oped
in accordance with ASTM E-621. These units are listed in the sequence in
which they appear in the text of Section 3. Conversions are approxinate.

15 fathons = 90 feet = 27.4 meters
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Section 4. BASIC DESI GN PROCEDURE

1. FLEET-MOORING DESIGN. Design of a fleet mooring consists of three ngjor
steps: determination of the mooring |ayout, evaluation of environnmenta
conditions and associ ated | oads, and design of nooring conponents. A flow
chart outlining the design process is shown in Figure 39. This section

di scusses each elenent of the design process qualitatively. Specific design
procedures are given in Section 5.

2. DETERM NATION OF MOORI NG LAYQUT.

a. Moring Site. Fleet noorings should be |ocated at well-protected
sites in order to mnimze environmental |oads. Most fleet noorings are
| ocated within harbors. \Werever possible, the mooring should be oriented so
that the longitudinal axis of the vessel is parallel to the direction of the
prevailing w nds, waves, and/or currents. Planning guidelines for deternin-
ing the location, size, and depth of anchorage basins are provided in Table 16
of DM 26.1, Section 3. Tables 17, 18, and 19 of DM 26.1, Section 3, provide
the berth sizes required for free-sw nging and spread nooring arrangements.

b. Vessel Type. The vessel(s) expected to use the mooring nust be
det er ni ned. V@ssei characteristics, including length, breadth, draft, dis-
pl acement, broadside wind area, and frontal wind area, nust be determned for

each of the vessels. These characteristics are presented in Tables 2, 3, and
4 of DM 26.6, Section 3, for fully |loaded and |ight-I|oaded conditions.

c. Moring Configuration. Table 7 presents a sumary of severa
conmonly used nooring configurations. The mooring configuration used depends
upon nooring usage; space available for nooring; nooring |oads; strength,
availability, and cost of mooring components; allowable vessel novenent; and
difficulties associated with maneuvering the vessel into the nooring. Free-
swi ngi ng moorings are used when there is sufficient area in the harbor to
accommodat e vessel novenent, when there are no operations requiring rigid
posi tioning, and when environnental conditions are severe. A nultiple-point
mooring is required when a vessel must be held rigidly. Miltiple-point
moorings used by the Navy include nmoorings for the transfer of cargo and
supplies, morings for fueling facilities, noorings located in limted
berthing areas, and moorings for floating drydocks.

Free-sw ngi ng moorings allow the vessel to assume the nost advantageous
position under the action of wind and current. Miltiple-point morings, on
the other hand, hold the vessel in place under the action of wind and current.
The | oads on a vessel in a nultiple-point mooring are higher than if the
vessel were to be allowed to swing freely. Mooring lines in a multiple-point
mooring should be arranged symmetrical |y about the |ongitudinal and trans-
verse axes in order to obtain a balanced distribution of mooring |oads.

3. EVALUATI ON OF ENVI RONVENTAL CONDI TI ONS AND ASSOCI ATED LQADS.
a. Environnental Conditions. Environnental conditions inportant to

nooring design include bottom soil conditions, water depth, winds, currents,
and waves.
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Table 7

Moori ng- Configuration Sunmary

Configuration Positioning Capability Remar ks
Free- Swi ngi ng Mnimal; |arge excursion Vessel w |l assune the
(Single-Point) . as vessel swings to aline most advant ageous posi -

with wind or current

tion under conbi ned
action of wind and
current; best for heavy
weat her or transient
moor i ng

Bow- and- Stern Mnimal; limts sw ng Not for precise position-
(Two-Point) .. 00.0 sonewhat; |arge ing; suitable for trans-
excursions for | oads ient mooring with
slightly off centerline limted sea room
Spread Moring . Good for load from any Best for situations where
direction direction of w nd and/or
current may shift and
preci se positioning nust
be mai nt ai ned
Meal -Type . . ...00.. Relatively good; |ongi- Good for situations where
tudi nal axis of vessel reasonably precise posi-
shoul d be oriented toward tioning is required in a
| argest | oad limted area
(1) Seafloor Soil Conditions. Seafloor soil conditions nust be

evaluated in order to properly select and design fleet-nooring anchors. In
fact, some anchors can be elimnated based on soil type as certain types of
anchors are well-suited to certain soil types. Ropellant-enbedded anchors,
for instance, are well-suited for use in hard coral seafloors. Drag anchors,
on the other hand, performpoorly in hard seafloors. Table 8 presents soil-
I nvestigation requirements for each anchor type; see DM7.1 and DM 7.2 for
details.

(2) Water Depth. Moring-site bathynetry and water-level fluctua-
tions nust be investigated to assure that there is adequate depth for vessels
using the nmooring, to determ ne nooring-line geometry, and to determne
current |oads on the vessel. Current |oads are sensitive to the ratio of
vessel draft to water depth.

Factors contributing to water-level fluctuations include astronom ca
tides, stormsurge, seiche, and tsunams. These phenonena are discussed in
DM 26. 1, Subsection 2.7. The design water level at a nooring site is con-
trolled primarily by the astronomical tide. However, the other factors
ment i oned above can be significant and nust be investigated.

Har bor sedinmentation produces variations in bottom elevation. The

potential for |ong-term changes in bottom el evation nust be investigated
Deposition of sediment at a fleet-nooring site can decrease water depth to
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Table 8
Soi | -1 nvestigation Requirenents for Various Anchor Types

Anchor Type Required Soil Properties

Deadweight . . . . . . . . .. Seafl oor type, depth of sediment, variation
in soil properties with area, estinmate of
soil cohesion, friction angle, scour
potenti al

Drag- Embedment . . . . . . . Seafloor type and strength, depth to rock
stratification in upper 10 to 30 feet,
variation in soil properties with area

Direct-Enbedment . . . . . . . Engineering soil data to expected enbednent
depth (soil strength, sensitivity, density,
depth to rock)

Pile . .. . . . . . . . Engineering soil properties to full enbed-
ment depth (soil strength, sensitivity,
density, soil modul us of subgrade reaction)

unaccept abl e val ues and bury sinkers and other nooring hardware, thereby
reducing the resiliency of a shock-absorbing moring. Harbor shoaling and
current Navy dredging requirenents are discussed in DM 26. 3.

(3) Wnds. Wnd |oads on noored vessels are inportant to fleet-
mooring design. The duration of a wind event affects the nmagnitude of the

wi nd-i nduced |l oad on the nmoored vessel. A wind gust with a speed 50 percent
hi gher than the average w ndspeed, but lasting only a couple of seconds, may
cause little or no response of a noored vessel. On the other hand, repeated

wind gusts with only slightly higher-than-the-average w ndspeed, wth dura-
tion near the natural period of a vessel-mooring system can excite the
vessel dynamcally and result in nooring-line |oads in excess of the nmean
mooring-line loads. Hence, it is necessary to establish a standard w nd
duration which will provide reliable estinates of steady-state, w nd-induced
| oads on noored vessels. Wnds of |onger or shorter duration should be
corrected to this level. Based on analytical considerations and previous
experience, a 30-second-duration w ndspeed has been chosen as the standard
for determ ning w nd-induced |oads on nmoored vessels. This value is less
than the |-mnute duration reconmended by Flory et al. (1977) for large
tankers, but seems appropriate for naval vessels.

The nost reliable method for determ ning design w ndspeed at a site is
to anal yze wind neasurenents taken at or near the site over an extended
period of tinme. Wndspeeds are reported according to a variety of defini-

t ions, including fastest-mle, peak-gust, |-mnute-average, |o-mnute-average,
and hourly average. The fastest-mle w ndspeed is defined as the highest
measured wi ndspeed with duration sufficient to travel 1 mile. For exanple, a
reported fastest-mle w ndspeed of 60 mles per hour is a 60-mle-per-hour
wind that lasted for 1 minute. On the other hand, a fastest-mle w ndspeed

of 30 niles per hour would have |asted 2 nminutes. Peak-gust w ndspeed
measures a wind of high velocity and very short duration.
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Fastest-nile and peak-gust w ndspeeds are generally the nmpbst useful
measurenents for determ ning design w ndspeeds at a mooring site for severa
reasons. First, they represent the highest wind recorded during a period of
observation.  Secondly, they can be converted to a 30-second duration w nd-
speed. Finally, these neasurements are available at nost naval facilities
(This is particularly true for the peak-gust w ndspeed.)

(a) Data sources. Sources for w ndspeed data are sumarized .
in Table 10, Section 5.

(b) Wndspeed adjustnents. Wndspeed data must be adjusted
for elevation, duration, and overland-overwater effects in order to represent
conditions at the nmooring site. First, the wi ndspeed nust be adjusted to a
standard elevation; this is particularly true when conparing data neasured at
several |ocations near the nooring site. The design w ndspeed nust al so be
adjusted to an elevation suitable for determning wind |oads on a noored
vessel dependent upon the geometry of that vessel. However, for the purposes
of determ ning the design windspeed, the wind neasurenments are corrected to a
standard el evation of 10 neters (33.33 feet). Secondly, the w ndspeed nust
be corrected to a 30-second-duration wi ndspeed. Finally, because nost wi nd
measurenents are taken at inland sites over land, rather than at the nooring
site over water, it is necessary to correct for overland-overwater effects
These adjustnents nust be made before the probabilistic analysis, discussed
below, is done. Procedures for making the above adjustnents are given in
Section 5.

(c) Determ ning maxi mnum wi ndspeed. In order to achieve an
economi cal and safe nooring design, the maxi num wi ndspeed is determ ned using
probabilistic nethods. Probabilistic analysis of wind measurenents taken at
or near a site will provide an estinmate of how frequently a given w ndspeed
wi Il occur or be exceeded (probability of exceedence) during the design life
of the mooring. The return period of a wi ndspeed, estinmated fromthe proba-
bility of exceedence, is defined as the average length of tine between
occurrences of that w ndspeed. The concept of statistical return period is
useful for determining the design wi ndspeed. For exanple, a 50-year design
wi ndspeed indicates that a wi ndspeed equal to or greater than the 50-year
design w ndspeed will occur, on the average, once every 50 years. The So-year
wi ndspeed (wi ndspeed with a So-year return period) is used for design of
fleet noorings, although estinmates of nore frequent (l-year, |o--year) and
| ess frequent (75-year, 100-year) wi ndspeeds are useful for planning purposes.
Qperational criteria may require that a vessel |leave a nooring at a given
wi ndspeed.  (For exanple, as stated in Subsection 2.4.(b)(3), a fuel oil-
| oading nooring is normally designed for a maxi numw nd velocity of 30 miles
per hour.) In such a case, the fleet nooring would be designed for the
operational criteria unless there is a possibility that, under some circum
stances, a vessel would remain at the mooring during higher w nds.

Procedures for determning the probability of exceedence and the return
period for various w ndspeeds based on neasured data are presented in Sec-
tion 5. The results of a probabilistic analysis can be conveniently presented
as shown in Figure 40, which is an exanple plot of probability of exceedence
(left ordinate) and return period (right ordinate) versus 30-second w ndspeed
(absci ssa).
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(4) Currents. Currents can play a major role in the [ayout and
design of a fleet mooring. Current |oads on a noored vessel can be very
high. In order to reduce these loads, it is desirable to moor vessels
headed into the current. Currents may also affect the ability of a vessel to
maneuver into the mooring.

(a) Tidal currents. Tidal currents are the nost conmon type
of current in Navy harbors. They range in speed fromless than 1 knot to
about 6 knots. Ideally, the designer should obtain data on current velocity
and direction, and on the variation of these paraneters, both areally and
with depth. Determination of tidal currents is best achieved by direct
measurenent. \Were neasurements are not available, current speeds may be
estimated using physical or nunerical nodels. |If the harbor geometry is
sinmple and other appropriate assunptions are valid, the procedures presented
in DM26.1, Subsection 2.9, may be used to determne tidal-current velocities.

Estimates of the peak flood and ebb tidal currents for nunerous |oca-
tions on the Atlantic coast of North America and the Pacific coasts of North
Anerica and Asia are published in tables by the U S. Departnent of Commerce,
Nat i onal Ocean Survey (NOS). The published values are for specific |oca-
tions, generally within harbors. Because tidal currents can vary signifi-
cantly within a harbor, currents obtained fromthe NOS tidal-current tables
must be used with caution unless they are values reported directly at the
mooring site.

Tidal currents vary in speed and reverse their direction during the
tidal cycle, but the forces induced by tidal currents are normally treated
statically. Exceptions may occur, and these nust be investigated on a site-
by-site basis.

(b) River discharge. Currents resulting fromriver discharge
can also be significant. Estimates of currents due to river discharge are
best achieved by direct nmeasurenent or by analysis of existing flow records.

(c) Wnd-driven currents. Wnd-driven currents are surface
currents which result fromthe stress exerted by the wind on the sea surface.
Wnd-driven currents generally attain a mean velocity of about 3 to 5 percent
of the mean windspeed at 10 neters above the sea surface. The magnitude of
the current decreases sharply with depth. The direction of the current is
roughly that of the wind. Wnd-driven currents are seldoma factor in
protected harbors, but they must be investigated when they exceed 0.5 knot.
Met hods for estimating wi nd-driven currents are presented in Bretschneider
(1967) .

(d) Probability of currents. The probabilistic nature of
current speed and direction at a given site should be taken into account. A
probabilistic estimate of the speed and direction of tidal currents can be
determ ned by extensive field neasurements or through physical or nunerica
model i ng; however, neither time nor budget is normally available to generate
these data. Therefore, maxinum flood and ebb currents should be used for
fl eet-nooring design unless nore detailed information is available. This
design criterion is reasonable for two reasons. First, these currents occur
frequently; thus, there is a reasonable probability that these currents wll
occur during the design storm  Secondly, while a vessel could conceivably be
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subject to higher current speeds than the peak val ues, the higher currents
woul d be of short duration. Hence, the inpact of higher-than-average peak
flood or ebb current speeds would not be too great. The statistical proba-
bility of river flows, which may be obtained fromrecords of peak yearly
flood flow, should be analyzed using the probabilistic methods described for
wind in Section 5.

(5) Waves. Waves can exert significant dynam c |oads on noored.
vessel s and mooring elements sited in unprotected waters. This nanua
assunes noorings are sited in a protected harbor; therefore, dynam c analysis
of moored vessels is not considered herein. [If there is doubt as to whether
or not a mooring is located in a protected harbor, or if prior experience at
the site indicates that wave action nmay affect nooring design, then wave
condi tions nust be investigated.

Waves inportant to the design of fleet noorings fall into three cate-
gories: short waves, |ong waves, and waves generated by passing vessels
Short waves are wind-generated waves with periods of 20 seconds or |ess;
those generated locally are referred to as seas and those generated great
di stances away are called swell. Morings located in protected harbors are
general ly sheltered from short waves by structures, such as breakwaters or
jetties. However, if the nooring is |ocated near the harbor opening, it may
be exposed to sea and swell, and the assunption of a protected harbor nmay not
be valid. If the harbor is sufficiently large, local w nds may generate seas
within the harbor of sufficient size to affect the npored vessel

Waves with periods ranging fromgreater than 20 seconds to several
mnutes are classified as |ong waves. Tang-wave energy is capable of causing
oscillations in a harbor. This phenonenon, called seiche, is discussed in
DM 26.1, Subsection 2.8.

Waves generated by passing vessels can be inportant to the design of a
fleet mooring. This is particularly true when the nooring is sited in a
narrow channel where other vessels pass close to the noored vessel

In general, the nost reliable nethods for determning design-wave
condi tions use neasurements taken at the site; however, this information is
sel dom avai | abl e. Consequently, the methods described in DM26.2, Sections 1
and 2, for obtaining wave data and estimating short-wave conditions nust be
used. Methods for estimating the possibility of nooring problens associated
with long waves are lacking. It is best to rely on previous experience at
the mooring site. In the same way, potential for problens associated wth
waves generated by passing ships nust be determ ned based on previous exper-
i ence.

(6) Unusual Conditions. The potential for the occurrence of
unusual conditions nust be investigated. Design nmay require significant
deviations from the standard procedures presented in this manual. Table 9

presents a summary of unusual environnmental conditions which require analﬁsis
not covered by this manual. |f the occurrence of these conditions is prob-

able, the designer should consult NCEL or CHESNAVFAC FPO-1 for specialized
moori ng designs.
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TABLE 9
Unusual Environnental Conditions Requiring Special Analysis

Condition Special Analysis Required

Waves 1._ _______ A > 1.5 feet for small craft
> 4 feet for l|arger vessels

Wnd. . . . . . ... > 60 knots

Hurri canes and Typhoons Lo Al'l cases where these are possible

Sei che l. ) ) , ) Possibly a problem for taut
mul ti pl e-point noorings

Short - Scope Mbori ngs o Those subjected to above wave
condi tions

Qurrent . ... > 3 knots

Water Depth . . . . . . . . . . . . ... > 150 feet

Anchors. . . . ... ... ... . ... Prpel |l ant -embedded

[Ce . . Free-floating ice

1Requi res dynamc analysis

b. Environnental Loads. Wnds, currents, and waves produce |oads on
moored vessels. Static wind and current |oads are discussed in detail
bel ow. A brief discussion of dynamc |oads due to waves follows.

Static |oads due to wind and current are separated into |ongitudinal

| oad, lateral |oad, and yaw nonent. Fl ow mechani sms whi ch influence these
| oads include friction drag, formdrag, circulation forces, and proximty
effects. The predom nant force-generating nmechanisnms are friction drag and

form drag. Circulation forces play a secondary role. Proximty effects are
inmportant in nultiple-vessel noorings and in nmoorings sited in very restricted
channel s.

(1) Load Due to Wnd. Loads on noored vessels due to wind result
primarily fromform drag. The general equation used to determine wnd |oad
IS:

1 2 }
Fw 2/ Vw Aw CDW (4-1)

WHERE: Fw = load due to wind

/oa = mass density of air
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V = wind velocity

A W projected area exposed to wind; may be either side area
or end area

C = wind-force drag coefficient which accounts for formdrag and
friction drag

The value of A, differs for lateral load and longitudinal load: the
side area is used for determning lateral load, and the end area is used for
determ ning longitudinal load. The w nd-force drag coefficient, C_ ., also
differs for lateral |oad and | ongitudinal |oad: is a function of the
angle at which the wind inpinges upon the vessel. ¥he value of C_.. is based
upon nodel -test results. Section 5 presents nmethods Tor determ ning the
lateral and |ongitudinal w nd-force drag coefficients.

(2) Load Due to Current. Current |oads devel oped on noored vessels
result fromformdrag, friction drag, and propeller drag. Lateral forces are
dom nated by formdrag. Formdrag is dependent upon the ratio of vessel
draft to water depth: as the water depth decreases, current flows around
rather than underneath the vessel. Longitudinal forces due to current are
caused by formdrag, friction drag, and propeller drag. The general equation
used to determne current |oad is:

1
Fo = i/ow Ve A Cnc (4-2)

| oad due to current

VWHERE: F.

mass density of water

=D

current velocity

Cc
Ac = projected area exposed to current; may be either bel ow
water side or end areas, hull surface area, or propeller
area
CDc = current-force drag coefficient

Met hods for determining lateral and |ongitudinal current |oads are
presented in Section 5. Current-load estimates are not as reliable as those
for wind | oads. However, the procedures presented in this manual provide
conservative results

(3) Load Due to Waves. \Wave-induced |oads on npoored vessels can
dom nate wind and current |oads for noorings sited in unprotected, high-
energy environments. As the nooring site is noved into protected areas,
these forces dimnish, and the previously discussed wind and current | oads
begin to domnate. Quantitative analysis of wave-induced forces is beyond
the scope of this manual; however, a qualitative discussion is provided to
give information on the magnitude, character, and relative inportance of
wave-induced | oads.

The hydrodynam ¢ response of a noored vessel in the presence of waves
can be resolved into an oscillatory response and a static response (wave-
drift force). The oscillatory response is characterized by vessel novenents
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in six degrees of freedom (three translational: heave, sway, and surge, and
three rotational: vyaw, pitch, and roll) with associated nmooring-Iline |oads
that occur with roughly the sanme period as that of the incom ng waves. Theo-
retical analysis of the oscillatory response of a noored vessel is achieved

t hrough the coupled solution of six sinultaneous equations of notion for the
vessel nooring system  Solution of these equations is conplicated. An
outline of the solution is presented in DM 26.1, Subsection 2.8. The static
wave drift force on a moored vessel in regular waves (that is, in waves wth.
the same height and period) is usually small conpared to the oscillatory

wave |oad. However, ocean waves are generally irregular (that is, waves

whi ch vary in height and period) and nay be characterized by groups of high
waves. The static drift force present in regular waves will slowy oscillate
with the period of wave grouping in irregular waves. |If the period of slow
drift oscillation is close to the natural period of the npored-ship system
then large nooring | oads may result.

Nunerical nodels have been used to determ ne wave | oadi ng on noored
vessel s. Sone of these nunerical techniques are discussed in Van Qortnerssen
(1976) and Webster (1982). Physical nodels, although expensive and time-
consum ng, are considered the nost reliable neans for determning wave
loading (Flory et al., 1977).

(4) Miltiple-Vessel Morings. Wnd and current |oads on nultiple-
vessel noorings are greatly influenced by the sheltering effect of the first
vessel on leeward vessels. The procedures and data necessary to determ ne
the loads and monents induced on nultiple-noored vessels by either wnd or
currents are extrenely limted. The only data that are directly applicable
for this purpose were collected at the David Tayl or Mddel Basin (DTNMB)
shortly after World War 11; these were sunmarized graphically in the previous
edition of Design Manual 26. Altmann (1971) noted that these data are not
fully applicable to contenporary multiple-vessel nooring problens because
only identical vessels were exam ned and no systematic variation of latera
separation distance was investigated. Al tmann (1971) has also indicated a
nunber of deficiencies in the data itself.

A contenporary nultiple-vessel nooring arrangenent consists of a tender
with one or nore identical vessels moored in parallel fashion alongside the
tender. There are currently no nodel-test results for this type of nooring
arrangement. Methods for determning |oads on vessels in nultiple-vessel
moorings with both identical and nonidentical vessels are presented in
Section 5.

c. Loads on Moring Elenments. Wnds and currents produce a |ongitu-
dinal load, a lateral load, and a yaw noment on a noored vessel. These |oads
di spl ace and rotate the vessel relative to its position before the |oads were
applied. The vessel will nmove until it reaches an equilibrium position, at
whi ch the applied loading is equal to the restraint provided by the nooring
lines. Procedures for determning the mooring-line |oads differ depending
upon whether the mooring is free-swi nging (single-point) or nultiple-point.

(1) Free-Swinging (Single-Point) Moorings. The-procedure for
determining the horizontal mooring-line (hawser) load in a free-sw nging
nooring involves determning the equilibriumposition of the vessel. Fig-
ure 41 schenatizes a typical design situation, wherein wind and current act
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(AFTER LOADING)

POSITION BEFORE LOADING

FI GURE 41 . _
Free- Swi ngi ng Mooring Under Sinmultaneous Loading of Wnd and Current
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simultaneous]y on a noored vessel. The angle between the wind and the
current is 6_ . The longitudinal and l|ateral forces are assumed to act
through the Center of gravity (C.G) of the vessel. The yaw nonent is
assumed to act about the center of gravity. Wnd and current forces and
nmoments di splace and rotate the vessel relative to its initial position. For
static equilibrium the applied |oads nust equal the restoring |oads of the
mooring system according to the follow ng equations:

in =0 (4-3)

£F, =0 (4-4)

MC.G. =0 (4-5)
WHERE%. Fx = sumof the applied and restoring |oads along the

longitudinal axis of the vessel

=T = sum of the applied and restoring |oads al ong the
y lateral axis of the vessel

£MC G. = sum of the applied and restoring yaw nonents about
e the center of gravity of the vessel

The vessel willadjust its position around the single-point nmooring until the
above equations of equilibrium are satisfied.

The longitudinal forces due to wind and current are designated F, and
F_ , respectively. The liateral forces due to wind and current are desanat ed

F*€ and F__, respectively The yaw nonents due to wind and current are

w . . .
dZsignateXQMx v and W% c? respectivel y. The | ongitudinal forces, | at er al
forces, and ygw momenfs are a function of the angl e between the vessel and
the wind, 6 _, and the angle between the vessel and the current, q.. These

angles vary as the vessel achieves its equilibrium position.

Comput ati on of the maxi mum hawser load is a trial-and-error procedure in
whi ch the orientation of the vessel is continually adjusted until the point
of zero nonment is determ ned. The vessel response is dependent upon the
relative angle, ,ghetween the wind and the current. Details of the
conputation procedure are presented in Section 5.

(2) Miltiple-Point Morings. The procedure for deternining the
hori zontal line loads in a multiple-point nooring differs fromthe free-
swi ngi ng nmooring procedure. Figure 42 depicts a typical spread nooring both
before and after wind and current |oads are applied. The vessel is reoriented
as the applied load is distributed to the mooring |ines. The mooring |ines,
whi ch behave as catenaries, will deflect (that is, lengthen or shorten) until
they are in equilibriumwth the applied |oads. Equations (4-3), (4-4), and
(4-5) nust be satisfied for static equilibriumto exist. Determning the
equilibrium position of the vessel under load is outlined as follows:

(a) Determine the total |ongitudinal |oad, lateral |oad, and yaw
nmonment on the vessel due to wind and current.

(b) Determine the nooring-line configuration and the properties
of each of the mooring lines. Calculate a |oad-deflection
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Mul tipl e-Poi nt Moring Under Sinultaneous Loading of Wnd and Current
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curve (see Subsection 4.4. d.(3)) for each of the nooring
lines using catenary analysis.

(c) Assune an initial displacement and rotation of the vessel
(new orientation) under the applied |oad.

(d) Determine the deflection in each of the nooring lines corres-
ponding to the vessel orientation

(e) Determine the forces in each of the nooring lines fromthe
above mooring-line deflections.

(f)  Sumthe forces and nmonents according to the above equations,
accounting for all the nooring-line |oads and applied
wi nd and current | oads.

(g Determine if the restraining forces and noments due to al
the mooring-line | oads bal ance out the applied forces and
monents due to wind and current.

(hy If the above forces and nonents do not bal ance, then the
vessel is not in its equilibriumposition under the
applied load. A new vessel orientation nmust be assumed.

(i) Steps c through h are repeated until the equilibriumposition
of the vessel is determ ned.

The above procedure can be sol ved using the conputer programin Appen-
dix B. Sinplified nethods for analyzing multiple-point noorings are pre-
sented in Section 5.

4,  DESIGN OF MOORI NG COVPONENTS.

a. Probabilistic Approach To Design. A probabilistic approach to
mooring design is used to evaluate uncertainties in environmental conditions
at the mooring site, uncertainties in accurately predicting nooring forces,
and uncertainties concerning material strength of the nooring-system
har dwar e.

(1) Uncertainties in Environnental Conditions.

(a) Wndspeed. The uncertainty associated with determning a
design w ndspeed is reduced by using the probabilistic approach described in
Subsection 4.3.a.(3). Fleet moorings nust be designed for a w ndspeed with
a So-year return period, unless operational criteria dictate that the vesse
| eave the nooring at a w ndspeed |ess than the So-year w ndspeed. For a
mooring wth a 5-year life expectancy, there is about a 9.6-percent chance
that the mooring will be subjected to the So-year windspeed. Simlarly,
there is about an 18-percent chance that a mooring with a 10-year life
expectancy wi |l be subjected to the So-year w ndspeed.

(b) Currents. There are generally insufficient data to
perform a probabilistic analysis of tidal currents. Consequently, the
design tidal current shall be the larger of the maxinum flood or ebb current
at the site. Wnd-driven-current statistics can be derived from wind data.

Ri ver-di scharge data can be anal yzed and probabilities determ ned using
met hods simlar to those described for w nd.

(2) Uncertainties in Predicting Forces. Uncertainties involved in

determ ning wind- and current-induced | oads on noored vessels should be
recogni zed. Wnd loads are relatively accurate (+ 10 to 15 percent of the
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predicted value), while current |oads are nore uncertain and may be as high
as + 30 percent of the predicted value for currents with speeds greater than
3 knots.

(3) Uncertainties immaterial Strength. The holding capacity of
anchors under design |loading and the material strength of nooring chain are
uncertain. Hence, a factor of safety is used in anchor selection, and
mooring chain is selected on the basis of a working |oad, which is consider-
ably less than the breaking strength of the chain.

Uncertainties in anchor selection are associated with soil strength and
behavi or of the anchor under load. Uncertainties in chain strength are
associated with variations in chain quality and with degradation of chain
strength with time as the chain is exposed to the marine environnent.
Recommendat i ons concerning factors of safety for anchors and nooring chain
are given in Section 5.

b. Design Philosophy. Moring conponents, such as nooring chain
fittings, anchors, sinkers, and buoys, must sustain anticipated | oads without
failure. Moring failures can occur in various manners, including anchor
draggi ng, breakage of ground leg or riser chain, and breakage of the ship’'s
chain or nooring line. The inpact of a mooring failure can range from m nor
for anchor dragging, to catastrophic, for breakage of a riser chain or ship's
chain. The factor of safety on anchors is generally less than that for
mooring chain. This practice forces the anchor to fail before a nooring
chain fails. For drag-enbednent and deadwei ght anchors, there is sone
residual resisting force after failure due to the weight of the anchor. This
is not true for direct-enmbednent anchors and pile anchors, which, like the
mooring chain, can fail suddenly. The factors of safety for direct-enbednent
and pile anchors are generally higher than those for drag-enbedment and
deadwei ght anchors; however, they should be |ess than those for the nooring
chain and fittings.

c. Availability of Moring Conponents. Situations may arise where
availability of materials and/or installation equipment may dictate design.
For example, if steel piles and installation equipment are available, it may
be cost-effective to use pile anchors in lieu of conventional drag anchors.
The designer should be aware of available materials and existing designs
before arbitrarily specifying moring conponents. Standardized nooring
components are often stored at or near the nooring site. Therefore, it is
desirable from an econonmi ¢ standpoint to specify mooring components which are
currently in stock. Deviations from standardized nooring conponents shoul d
be kept to a mninumas these deviations give rise to procurenment and quality-
control problens.

d. Design of Moring Chain and Fittings

(1) Mooring-Line Geonetry. A |oaded mooring chain, extending from
the bottom of the buoy to the anchor, behaves as a catenary. Catenary
equations, presented in detail in Section 5 give the horizontal and vertica
tension at any point in the line, in addition to giving the nooring-line
geonetry.
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Mooring designs nmay be classified into two categories: normal noorings
and short-scope moorings. Normal noorings have a sufficient Iength of chain
to maintain a near-zero bottom angl e between the moring line and the hori-
zontal. This precludes any vertical load at the anchor and is desirable for
drag anchors. Short-scope noorings use shorter |engths of chain, and the
bottom angl e between the mooring line and the horizontal is not near zero.
This results in both horizontal and vertical |oads at the anchor and requires
an uplift-resisting anchor.

(2) Selection of Chain Size. Moring chain is designed to wth-
stand the maxi num antici pated environmental |oading. Moring chain is
selected on the basis of its maxi mum working |oad, defined as 35 percent of
the chain breaking strength. For chain which passes through hawsepi pes,
chocks, chain stoppers, or other fittings which cause the chain to change
its direction abruptly within its |oaded |length, the maxi numworking |load is
25 percent of the chain breaking strength. The maxi num working |oad nay be
taken as 35 percent of the chain breaking strength provided the m ninmm
bending radius is nine times the chain dianeter, according to NAVSEASYSCOMV
criteria.

(3) Load-Deflection Curve. Figure 43 shows a vessel, attached to
a free-swinging rmooring, prior to and after the environnental |oads are
applied to the vessel. Upon |oading, the vessel deflects fromits initia
position, in the direction of the applied load. As the vessel moves, the
restraining force in the mooring chain increases. A plot of the restraining
force in the catenary nooring chain versus the deflection of the vessel is
known as a |oad-deflection tune. An exanple of a |oad-deflection curve is
shown in Figure 44. The |oad-deflection curve can be used to deternine
vessel novenent for a given applied load. This information is useful for
pl anning a nooring |ayout and estimating the amount of area required to moor
a vessel under nornal and design conditions.

The | oad-deflection tune also provides information on the energy-
absorbing capability of a mooring. This information is obtained by applying
the concepts of work and energy to the |oad-deflection curve. A vessel may
be noored with some initial tension (pretensioning) in the mooring |ine.
Pretensioning takes the initial slack out of a mboring line prior to applica-
tion of wind and/or current |oading and prevents excessive vessel novenent
under loading. Wen wnd and/or current load is applied to the vessel, the
vessel will deflect fromits initial position under the pretension |oad.
Assuming the load is applied slowy to the vessel and the anchor does not
drag, the work required to move the vessel nust be absorbed by an increase in
the potential energy of the nooring-line system An increase in potentia
energy results as the nooring lines and hardware are rai sed under |oading.
The principle of work-energy dictates that the work done on the vessel as it
is noved fromits initial position to its equilibriumposition is equal to
the area under the |oad-deflection curve. This concept is illustrated in
Figure 44. Point A denotes the initial position of the vessel resulting from
the initial pretension in the nooring line. Point B denotes the equilibrium
position of the vessel after the static wind and current |oads have been
applied; the |oad associated with Point Bis the sumof the static wind and
current |oads. The area under the |oad-deflection curve between Points A and
B represents the work done on the vessel by the static wind and current
loads. If dynamc |oads due to wind, current, or wave |oads are present,
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Load-Defl ection Curve Illustrating Work-Energy Principle

then additional work will be done on the vessel. Point C denotes the maxi mum
position due to dynamc wind, current, or wave |oads. The area under the

| oad-deflection curve fromPoint B to Point C represents the work done on the
vessel Dby dynam c |loads. This additional work nust be absorbed by the
mooring systemw thout allow ng the maxinumload in the mooring line (Point Q
to exceed the working load of the mooring line. The maxi mum dynam c nooring
load (Point C) is generally difficult to determne. However, where noderate
dynam c effects, such as those due to wind gusts, are anticipated, a resilient
mooring capabl e of absorbing work (or energy) is required.

Sinkers can be used to nmake a mooring nore resilient. Figure 45 illus-
trates the use of a sinker to increase the energy-absorbing capability of a
mooring. Curve 1 is the |oad-deflection curve for a nmooring system wi thout a
sinker. Curve 2 is the |oad-deflection curve for the same nooring system
wth a sinker added to it. The portion of the |oad-deflection tune which
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rises vertically on Curve 2 corresponds to the loads which lift the sinker
off the bottom Points A B, and C represent the pretension position,
equilibrium position under static |oading, and the maxi num position under
dynam ¢ | oading, respectively. The sinker is added to the nooring line to

I ncrease the energy-absorbing capability of the mooring between Points B and
c. The shaded Areas 1 and 2 under |oad-deflection Curves 1 and 2 represent

t he amount of energy absorbed by the nooring wthout the sinker and with the
sinker, respectively. Cearly, the amount of energy absorbed between Points
B and C by the mooring equipped with a sinker is considerably larger than
t hat absorbed by the nooring wi thout a sinker

Figure 46 illustrates the situation where an equal amobunt of energy due
to dynam c | oads (above the static |oad) nust be absorbed by both the nooring
systens represented by Curve 1 (without sinker) and that represented by
Curve 2 (with sinker). Points Cand C depict the maxi mum nooring |oads due
to dynamc l[oads for Curves 1 and 2, respectively. This figure shows that
t he maxi mum nooring-line load for Curve 1 (without sinker) is considerably
| arger than the corresponding load for Curve 2 (wth sinker) when both noor-
ings nust absorb the same ampunt of energy. This exanple illustrates the
effect of a properly placed sinker on the energy-absorbing capacity of a
mooring. A design exanple of an energy-absorbing nooring incorporating
sinkers can be found in CHESNAVFAC FPO 1-81-(14).

e. Choice of Fittings. Selection of chain fittings is nade using the
same criteria as those stipulated for nooring chain. The working |oad on
fittings should be less than or equal to 35 percent of the fitting breaking
strength. It is essential that the fittings be checked for conpatibility in
size with selected mooring chain and other fittings. Failure to performa
“fit-check” can result in major delays during installation and, consequently,
in higher installation costs.

f.  Layout of Mooring Gound Legs. The ground |legs of fleet noorings
should be laid out in a synmetrical pattern in order to resist multidirec-
tional loading. The three-legged or six-legged (three groups of two) standard
moorings are laid out with 120 degrees between |egs. For bow and-stern or
spread noorings, the ground |legs may be oriented to one side of the nooring
to resist unilateral |oading

~ Standard Designs. The Navy has standardized free-sw nging moorings
into gl classes ranging in capacity from5 to 300 kips (1 kip = 1,000 pounds).
The mooring conponents have been selected using a working | oad of 35 percent
of the conponent breaking strength. Standards for chain assenblies for
various water depths have been prepared for each of these standard noorings
and are presented in DW26.6, Section 4, Part 2. Details of the standard
moorings are presented in Figures 1 through 5 and Tables 79 through 92 of

DM 26.6. Details of standard Navy nooring conponents are given in Figures 6
through 13 and Tables 93 through 119 of DM 26.6; these conponents have

remai ned rel atively unchanged for a nunber of years. Consequently, nost of
the current Navy inventory is made up of the conponents described in the
above tables.

The Navy is currently pursuing a program for the maintenance and noni -
toring of fleet moorings in order to upgrade and extend their useful |ives.
The program al so has the goal of extending the mooring naintenance cycle from
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every 5 years to every 10 to 15 years. The naintenance cycle will be |ength-
ened by making sone modifications to present standard designs. These nodi-
fications include the addition of cathodic protection and several structura
modi fications sunmarized in Figure 47. The resulting nodified moring wll
be designated as a Class X mooring, wherein the X stands for extra |longevity
(10 to 15 years). For instance, once a standard A mooring has been nodified
as shown in Figure 47, it will be known as a Cass AX nooring

h. Anchor Selection. Factors pertaining to anchor selection are .
presented in Sections 3 and 5.

i. Buoy Selection. Buoy selection is not covered in this manual
However, in the selection of a buoy for a fleet-moring design, it is inpor-
tant to select a buoy with adequate capacity to support the nooring chain
with a freeboard of 2 feet. The weight which the buoy must support is
determ ned by conputing the weight of the chain lifted off the bottom The
maxi mum tensi on bar vertical-load capacity of several fleet-nooring buoys is
provided in Figures 10 and 11 of DM 26.6.

5.  RATING CAPACITY OF MOORING  The final step of the design procedure
consists of determning the size of vessels which can use the mooring.
Furthernore, the environnental conditions under which the above vessels may
use the mooring nust be determned. Establishing the rated capacity of the
mooring Wi ll deter inappropriate usage of the nooring

6. I NSPECTI ON AND MAI NTENANCE OF MOORI NGS.  Over 225 fleet moorings of
various sizes and classifications are in place at 25 different naval activi-
ties worldwide. Many of these moorings were initially designed and placed
during World War 11 and have seen various forns of maintenance, overhaul,
repl acement , and relocation since that time. The Naval Facilities Engineer-
ing Command (NAVFAC) is the Navy’'s central manager for fleet noorings. In

t hat capacity, NAVFAC has responsibilities that include:

(a) managenent of a Navy-w de procurenent and mai ntenance program

(b) budgeting for current- and out-year O her Procurement Navy (CPN
and Operations and Maintenance Navy (OWN) funding requirenments for
the fleet-nooring progranm

(c) execution of current-year OPN and OW funds for the
fl eet-nooring program and

(d) establishing and executing NAVFACENGCOM policies on all
matters related to fleet noorings and governing:

(1) design;

(2) procurenent;

(3) installation;

(4) inspection; and

(5) maintenance and repair.

NAVFAC di scharges these responsibilities through its network of geo-
graphi cal Engineering Field Divisions (EFD) and naval shore activities
worl dwi de. In doing so, it utilizes various support prograns, nanuals,
directives, and organizational entities that articulate, synthesize, and
activate NAVFAC S fleet-nooring program managenent. These el enents of the
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fl eet-nooring managenent are highly interrelated and it is therefore diffi-
cult, if not inpossible, to deal wth one el ement without being influenced by
one or nore of the others.

DM 26.5 is the design nmanual which establishes guidelines and procedures
for the design of Navy fleet moorings. The user of the manual shoul d have
some famliarity with two other highly interrelated itens of the fleet-
mooring program The first and nost conprehensive of these two itens is the
Fl eet Mooring Mintenance (FMV) program which gets it primary direction out
of the CGcean Engineering and Construction Project Ofice of the Chesapeake
Division, Naval Facilities Engineering Command. The second itemis Moring
Mai nt enance (NAVFAC MO-124), the NAVFAC docunent that defines Navy policy and
procedures for fleet-nooring maintenance in the same manner that DM 26.5
defines Navy policy and procedures for fleet-mooring design.

The user of DM 26.5 possessing an awareness and understandi ng of these
other two items will unquestionably be in a better position to design a fleet
moori ng which enbraces not only the stated policies and procedures for
design, but also integrates all major Navy philosophies and objectives of the
total fleet-nooring maintenance program

a. Fleet Moring Miintenance (FMM Program The FMM programis au
ongoi ng and dynam c program for managing the fleet-mooring assets of the Navy
to best neet the current and future needs of the fleet and the shore estab-
lishment. The program necessarily includes processes for inspection, over-
haul , reinstallation, and replacenent of nooring systems, as well as individ-
ual components of these systens. To optimze the effectiveness of such a
program viable and practical supporting subsystens and processes are al so
required. In the case of the Fleet Moring Mintenance program supporting
subsystens and processes need to address and deal with such elements as
procurenent; financial managenent of OPN and OW funds; life cycle costing;
extended useful life; conponent inventory levels and stock point |ocations;
performance and condition status; inspection and overhaul criteria; neans,
met hods, and procedures for overhaul ; and comunication of philosophies and
policies.

The Ccean Engineering and Construction Project O fice of the Chesapeake
Di vision, Naval Facilities Engineering Command, is the major organizationa
component that supports the Fleet Moring Mintenance Program  This support
ranges across the entire spectrum of objectives and activities of this
program  Specifically, it enbraces the devel opnent, execution, and monitor-
ing of the required program supporting subsystems and processes suggested
above. In addressing these FMM program needs, the Ccean Engineering and
Construction Project Ofice, during the early and md-1980's, is focusing on
t he devel opnent and refinenent of the follow ng activities and processes:

(1) preparation of fleet-nooring purchase description;

(2) definition of an upgraded nooring;

(3) defining and nonitoring OPN noney for fleet-nooring
procur enment ;

(4) conducting fleet-nooring site inspections;

(5) devel opi ng automated Fleet-Moring Inventory (FM) nanagenent
system

(6) preparation of FMM performance work statenent;
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(7) preparation of revised NAVFAC instructions and revised M-124;

(8) conducting workshops on current fleet-nooring policies and
procedures; and

(9) providing program managenment support for:

(a) monitoring the overhaul /upgrade of fleet moorings;

(b) nonitoring the status of fleet-nmooring inventory;

(c) defining OPN funding requirements for FM procurenments; and
(d) projecting OW funding requirements for maintenance

services; and
(10) performng fleet-mooring diver inspections:

(a) providing post-installation inspection for overhaul ed/
upgraded moorings; and

(b) providing periodic naintenance inspections to nonitor
per f ormance of noori ngs.

The Fleet Moring Mintenance program therefore, provides for the use
mai nt enance, and operation of the entire Navy inventory of fleet mporings.
Thi s managenent system has many diverse el enents which are interdependent and
keenly interrelated. As such, any participant involved with a seemngly
singul ar and independent elenent of the programw Il find the involvenent and
acconpanying contributing effort to the program enhanced by having a conpre-
hensi ve understanding of the total FMV program and its objectives.

b. M124. DM 26.5 is, by NAVFAC intent, a document which standardizes
Navy concepts and procedures for the design of fleet noorings. As such, this
document communi cates these concepts to the Navy user. In a |ike manner, MO
124 is the docunent that articulates the NAVFAC position on mooring mainten-
ance. It defines, in detail, methods and procedures for placenent and
recovery, reconditioning, and inspection and naintenance of moorings, as well
as for cathodic protection and fibergl ass-pol yester coating.

Knowi ng and understanding the contents of MO 124 allow the activity
engi neer to develop the short-term and |ong-term funding requirenments that
serve as input to establish total Navy OPN and OWN funding requirements. MO
124 in essence serves as a baseline docunent for determning fleet-nooring
mai nt enance requirenents for labor effort and material. DM26.5 and MO 124
conpl enent each other as they make similar, but distinctly different, con-
tributions to the overall FMM Program

In summary, the management by the Navy of its fleet-moring inventory is
realized through a many-faceted, diverse, and dynanmic program DM 26.5 and
MO 124 are two distinct elements of that program The user of either wll
enhance his effectiveness and his contribution to the program by naintaining
a keen awareness of the contents of the other manual, as well as an awareness
of the Fleet Myoring Mintenance programin general

7. METRI C EQUI VALENCE CHART. The follow ng netric equival ents were devel oped

in accordance with ASTM E-621. These units are listed in the sequence in
which they appear in the text of Section 4. Conversions are approxinate.
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1.61 kilometers
96.6 kiloneters per hour
48.3 kil onmeters per hour

lmle
60 mles per hour
30 mles per hour

33.33 feet = 10 neters
1 knot = 0.5 nmeter per second
6 knots = 3.1 neters per second
0.5 knot = 0.25 neter per second
3 knots = 1.5 nmeters per second
5 kips = 5,000 pounds = 2 268 kil ograns
300 kips = 300,000 pounds = 136 080 kil ogramns
1 kip = 1,000 pounds = 453.6 kil ograns
2 feet = 61 centineters
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Section 5. DESI GN OF FLEET MOORI NGS

1. INTRODUCTION.  This section provides equations, graphs, and tables neces-
sary for fleet-mooring design. Detailed procedures are presented for each

el ement of the design process. Section 4 provides a qualitative discussion
of the design process.

2. MOORING LAYQUT. It is assuned that the nooring site, the vessel, and the
mooring configuration are given prior to commencenent of detailed design. In
sone cases, it may be necessary to review several nooring configurations in
order to determne the one nobst appropriate. Oten the designer will have to
anal yze several vessels for a given nooring configuration.

3. ENVI RONVENTAL CONDI Tl ONS.

a. Seafloor Soil Conditions. Seafloor soil conditions nust be investi-
gated in order to design fleet-nmooring anchors. Refer to DM7 for soil-
i nvestigation requirenents.

b. Design Water Depth. Determine the bottom elevation and the antici-
pated range of water elevation expected at the nooring site. Bathynetric
charts are usually available from National Ocean Survey (NOS). The prinary
cause of water-level fluctuations is the astronomcal tide. Estimates of the
maxi mum hi gh and |ow water levels due to tide for nost naval harbors are
given in DW26.1, Table 6. A summary of tide levels for U S locations is
given in Harris (1981).

c* Design Wnd. Steps for wind-data analysis, discussed below, are
sunmarized in Figure 48. This procedure involves some concepts of proba-
bility, which are discussed in Appendix A

(1) Cbtain Wnd Data. Collect available w ndspeed data for the
site. Data which give the annual maxi mum wi ndspeed (extrene w nd) and
direction for each year of record are required. In nost situations, the
annual maxi num wi ndspeeds are either fastest-mle or peak-gust values. A
m ni mum of 20 years of yearly extreme w ndspeed data is desired for a good
estimate of the So-year design w ndspeed.

Several possible sources for obtaining w ndspeed data are presented in
Table 10. These are discussed bel ow

(a) Naval GCceanography Command Detachment. The Naval Ccean-
ography Command Detachnent is a source of wind data for naval harbors world-
wi de. Wnd data available through the Naval Cceanography Command Det achment
are summarized in “Cuide to Standard Weather Summaries and Climatic Services,
NAVAI R 50-1 C-534 (1980). The nost useful of the standard wi nd summaries
avai |l able at the Naval Oceanography Command Detachnent for nooring design is
the table of extrenme winds. This table, available for a large nunber of
naval sites, provides the extrene peak-gust wi ndspeed (and its direction) for
each month of each year of record. This standard summary provides sufficient
information to determne extreme winds for all directions conbined, but
provides insufficient information to determne extrene winds for each direc-
tion individually. Extrenme peak-gust w ndspeed for each direction for each
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TABLE 10
Sources of Wnd Data

- Naval Cceanography Command Detachnent, Federal Building, Asheville,
North Carolina 28801

National Climtic Data Center (NCDC), Federal Building, Asheville,
North Carolina 28801

Naval Environmental Prediction Research Facility, Monterey,
California 93940

- Wnd records fromlocal w nd stations

year of record is required to determne extreme w nds for each direction (for
exanpl e, using eight-conpass points). The Naval Cceanography Command Detach-
ment is presently planning to provide directional extrene winds as a standard
product, and summaries of directional extreme-wi nd statistics for naval
harbors shoul d be available in the future.

(b) National Cinmatic Data Center (NCDC) . The National
Cimatic Data Center has wind data for the continental United States and
United States territories. Wnd data available at NCDC for the continental
United States are cataloged in the “National Wnd Data Index” (Changerey,
1978) . Extrenme-wind data available at NCDC are generally fastest-mle w nd-
speeds. Changerey (1982a, 1982b) gives extrene w ndspeeds (that is, 2- to
1,000-year winds) for a number of east coast and Great Lakes. sites, some of
whi ch are near naval facilities. The results do not give directional extrene
wi nds, but do give extrene winds for all directions. Wnd data, sufficient
for determning directional extreme winds, are available at NCDC, the cost
for these data varies fromsite to site.

(c) Naval Environnental Prediction Research Facility. Cima-
tol ogical data for naval harbors throughout the world are presented in a
series of publications fromthe Naval Environmental Prediction Research
Facility. Turpin and Brand (1982) provide climtol ogical summaries of Navy
harbors along the east coast of the United States. Cimatol ogical data for
United States Navy harbors in the western Pacific and Indian Cceans are
sumarized in Brand and Blelloch (1976). Cimatol ogical data for United
States Navy harbors in the Mediterranean are sunmarized in Reiter (1975).
The above publications provide information on the follow ng: harbor geog-
raphy and facilities; susceptibility of the harbor to storns, such as trop-
ical cyclones, hurricanes, and typhoons; W nd conditions at the harbor and
the effects of |ocal topography; wave action; storm surge; and tides. The
publ i cations have been prepared to provi de guidance for determ ning when a
vessel should |eave a harbor; the publications may not be sufficiently
detailed to provide design w ndspeeds. However, they will help the designer
determ ne the threat of storms at the site and provide a good background on
| ocal clinmatol ogy.

The designer nust not use data from summarized hourly average wind
statistics, such as those presented in the Summary of Synoptic Meteorol ogical
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Observations (SSMJ)). These average data are not annual maxi num val ues and do
not report the infrequent, high-velocity w ndspeeds necessary to predict
extreme-wind events for design use. If average summaries are the only data
available, it is best to obtain the original observations and anal yze these
data for extreme statistics.

(2) Correct for Elevation. The level at which wi ndspeed data are
recorded varies fromsite to site. Wndspeed data should be transformed to a
standard reference | evel of 33.33 feet or 10 neters. Adjustnents are nade .
using the follow ng equation, which accounts for the wind gradient found in
nature:

\Y _Vh(33.33 ) 17

33.33

o (5-1)

WHERE: V 35 55 = windspeed at elevation of 33.33 feet above water or ground

| evel
v h = wi ndspeed at elevation h
h = elevation of recorded wi nd above water or ground level, in

f eet
(3) Correct for Duration. Figure-49 presents a graph which allows
one to correct w ndspeeds ranging from 1l second to 10 hours in duration to a

30-second-duration w ndspeed. This figure gives a conversion factor, Ct’
which is used to determne the 30-second w ndspeed as foll ows:

Vt =30 seconds _Tt (5-2)

WHERE: V | _5, seconds = windspeed with a 30-second duration

\Y

t w ndspeed of given duration, t

Vi

C t conversion factor = v
t =30 seconds

Peak- gust w ndspeed statistics give no information on the duration of
the wind event; therefore, these data cannot be accurately corrected to a 30-
second duration. Based on Figure 49, an 8-second peak gust is 1.1 tines
faster than a 30-second wind. As an approximation, peak-gust w ndspeeds
shoul d be reduced by 10 percent to obtain the 30-second windspeed. This wll
provi de a reasonably conservative estinmate of the 30-second w ndspeed for
fleet-mooring design. \Were detailed information on the duration of peak
gusts can be obtained (that is, froman actual w nd anenoneter trace at the
site), Figure 49 can be used to nake nore accurate estimtes of 30-second
sustai ned w ndspeeds.

Fastest-nmile wind statistics give wind duration directly. The fastest-
mle wndspeed is a wind with duration sufficient to travel 1 mle.
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Figure 49 can be used to correct the w ndspeed to the 30-second-duration
wind. For exanple, a conversion factor, C, of 0.945 is applied to a 60-
m | e-per-hour fastest-mle w ndspeed (60-second duration) to convert it to a

30-second-duration w ndspeed.

Figure 49 can be used to convert hourly average W ndspeeds to the 30-
second wi ndspeed. However, unless the hourly average w ndspeeds are annual
extreme val ues, they cannot be used directly to estinmate extrene conditions.

(4) Correct for Overland-Overwater Effects. Wndspeed data
recorded at inland stations, V, nust be corrected for overland-overwater
effects in order to obtain the overwater windspeed, V ,,. This overland-
overwater correction for protected harbors (fetch lengths |less than or equal
to 10 mles) is achieved using the follow ng equation (U S. Arny Corps of
Engi neers, 1981):

Vige IV (5-3)
WHERE: V |, = overwater wi ndspeed
V. = overland wi ndspeed adjusted for elevation and duration

Subsection 2.3.b.(l)(c) of DM 26.2 provides an overl and-overwat er
correction for fetch lengths greater than 10 mles.

(5) Determne Wndspeed Probability.

(a) Determine nmean value and standard deviation. Determne
the mean value, x, and standard deviation, s,for each wi ndspeed direction:

- 1 N
X== ZE x 5-4
N (5-4)
1 X -2
.6 = N - 1 E (xi - X) (5'5)

WHERE : x = nean val ue of wi ndspeeds

N = total nunber of observations

— i ~th
X ; = wndspeed for i year

S = standard deviation of w ndspeeds

(b) Determ ne design w ndspeed for each direction. Use the
Gunbel distribution (see Appendix A for description) to determ ne design
w ndspeeds for each direction:

VR=U'

In {- In[1 - P(x > x)1}
a (5'6)

26. 5-89



7
A

R (return period = I/[P(X > x)])
a = 1.282
s
_ = _0.577
u X >

w ndspeed associated with return period

(5-7)

(5-8)

P(X > x) = probability of exceedence associated with desired return

period (see Table 11)

The easiest way to use Equation (5-6) is to conpute the w ndspeed, V,
for each of the return periods given in Table 11

straight |line on Gunbel

paper .

(A bl ank sheet of Gunbel

The results will plot as

probability paper

whi ch can be photocopied for design use is provided in Appendix A Fig-

ure A-2.)

TABLE 11
Return Period for Various P(X > X)
Return Period P(X > X
1,000 . .. .... 0.001
00 . . .. .. .. 0.01
50 . ... ... 0.02
25 . . ... 0.04
200 .. ... 0.05
5. ... ... 0. 0667
10 ... 0.1
5 0.2
2 . 0.5

Not e:

The return period is the reciproca

the probability of exceedence.

of

(c)

Det erm ne directional

probability can be determned if directiona

probability. The directiona
wind data are avail abl e.

Usual Iy, available data consist of one extrene w ndspeed and its direction
Data which provide extreme w ndspeed for each year

for each year of record

of record from each direction (say,
accurately determne directiona
collected for 50 years would consist of 50 data points (that is,
w ndspeed and the direction of each),

probability.

ei ght conpass points) are needed to
Nondi recti ona

w ndspeed dat a
50 val ues of

whereas 400 data points (50 extrene-

w ndspeed val ues from each of the eight conpass points) would be required to

determ ne directional

probability accurately. Wen a conplete data set

consisting of the yearly extrene w ndspeed from each of the eight conpass-

point directions is available,

di rectional

the above steps given in (a) and (b) for each direction.
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consists of the yearly extreme wi ndspeed and direction of that w ndspeed,
the directional probability is approximated. Steps (a) and (b) are used to
devel op a plot of probability of exceedence versus w ndspeed for all direc-
tions combined (Figure 50). Approximate the directional probability using
the follow ng:

N 5-9
P(x > ) fg= POx >x) .

WHERE: P(x > X) |q  probability of exceedence for a windspeed from
direction q

P(x > x) = probability of exceedence for w ndspeeds from
all directions conbined

N q = nunmber of times extrene w ndspeed cane from
direction q
N = total nunber of extrene w ndspeeds

The above equation can be used to construct lines for the probability
of exceedence versus w ndspeed for each direction (Figure 50). The design
wi ndspeeds are then determned fromthe constructed lines. Exanples illus-
trating this procedure are provided in Section 6.

(d) Check accuracy of Gunbel distribution. The designer may
want to determne how well the Gunbel distribution fits the data. This is
done by first ranking w ndspeed data from highest to [owest. The nunber 1 is
assigned to the highest w ndspeed on record, the nunber 2 to the second
hi ghest wi ndspeed, and so on. The |owest w ndspeed will be assigned the
nunber N, which is the nunber of extrene w ndspeeds on record.

Conmpute the probability of exceedence for each w ndspeed using the
“follow ng equation:
P(x > x) =2 (5-10)
N + |

WHERE :  P(X > X)

probability that a variable, X (windspeed), is equal to
or greater than a specified value, x, with rank m

m rank of w ndspeed x

N

total number of w ndspeeds in the record

Plot the probability of exceedence, P(X > x), versus w ndspeed on
GQunbel probability paper. Conpare the plotted data to the straight lines for
the Gunbel distribution determned above. |f the data do not fit the Gunbel
distribution well, the designer should investigate other statistical distribu-
tions described in Simu and Scanl on (1978).

d. Design Current. In the determnation of probabilistic design

current, a conservative procedure is reconmended where tidal current governs
the design. A peak flood- or ebb-current velocity should be used, in
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conjunction with the So-year design wind. Values of peak ebb and fl ood
currents for the Atlantic and Pacific coasts of North America and the Pacific
coast of Asia may be obtained fromtidal current tables published by National
Ccean Survey (NOS), Rockville, MD 20852. These tables present the average
speeds and directions of the maxi mum floods and nmaxi mum ebbs. Directions are
given in degrees, reading clockwi se fromO to 359 degrees, and are in the
directions toward which the currents flow If there are no current data,

then neasurenents of currents should be nmade. Tidal currents reverse; there-
fore, in the determination of maxi num|oads, both flood and ebb tidal currents
shoul d be investigated.

Moorings located in rivers may be subjected to high currents during
floods . River-discharge statistics may be anal yzed using the above nethods
for wind probability. A 50-year river velocity is recommended for design.
A So-year w nd-induced current should be used in designs where w nd-induced
currents are inportant.

4. ENVI RONMENTAL LOADS ON SINGLE MOORED VESSELS. This section describes
met hods for determining static wind and current |oads on single noored
vessel s. The lateral force, longitudinal force, and yaw noment are eval u-
ated. Figure 51 defines the coordinate system and nonenclature for describ-
ing these loads. The wind angle, q,,, and current angle, q, ,are defined as
positive in clockw se direction. A discussion of the various physical
phenorena involved in these procedures is provided in Section 4.

a. Wnd Load. Determning wind |load on single noored vessels differs
for ship-shaped vessels and floating drydocks.

(1) Ship-Shaped Vessels. The procedure for determning static w nd
| oads on ship-shaped, single mored vessels is taken from Oxens and Pal o
( 1982).

(a) Lateral wind load. Lateral wind load is determ ned using
the follow ng equation:

1 2
= = A .
Fow = ZPa Ve AR yw( ay) (5-11)
WHERE: F _ lateral wind load, in pounds

mass density of air = 0.00237 slugs per cubic foot at 68°F

R

V. = wndvelocity, in feet per second
AY = lateral projected area of ship, in square feet
CyW = lateral wind-force drag coefficient
f yW( q,, ) = shape function for lateral |oad
q , = wndangle

The lateral wind-force drag coefficient depends upon the hull and
superstructure of the vessel:
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(5-12)

WHERE: Cyw = |ateral wind-force drag coefficient

V g /V g =average normalized wind velocity over superstructure

v R = reference wind velocity at 33.33 feet above sea |evel

A g = |ateral projected area of superstructure only, in
square feet

V,/ V.= average normalized wind velocity over hull
A

H | ateral projected area of hull only, in square feet

A
Y

The values of VJ/V.and V/V, are determned using the follow ng equa-
tions:

| ateral projected area of ship, in square feet

v, he 1/7

S-f2 (5-13)
R R

v, b 1/7

el (5-14)
R R

WHERE : VJ/ V.= average nornalized wind velocity over superstructure

h
S

R reference height of w ndspeed (33.33 feet)

average height of superstructure, in feet
h

v,/ v, = average nornmalized wind velocity over hull

h
H

Details of the hull and superstructure areas of vessels can be deter-
mned fromthe book of general plans for the vessel or fromJane's Fighting

Shi ps 1976).

= average height of hull, in feet

The shape function for lateral load, f \\,( Q). is given as:

+fsine - sinSQw

v 20 5-15

£,.0) = — (5-15)
20
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WHERE: f yW( qy) =shape function for lateral |oad

ayy = wind angle

(b) Longitudinal wind |oad. Longitudinal wind |oad is deter-
m ned using the follow ng equation:

1 2
Fe 7 Pa Vo A Cowf xw ( Ay) (5-16)

VWHERE:  F = | ongi tudinal wind |oad, in pounds

/oa = mass density of air = 0.00237 slugs per cubic foot at 68°F

V. w = wndvelocity, in feet per second

AX | ongi tudi nal projected area of ship, in square feet

C xw = | ongi tudi nal w nd-force drag coefficient

fww(8,) = shape function for |ongitudinal |oad

The longitudinal wind-force drag coefficient varies according to vessel
type and characteristics. Additionally, a separate w nd-force drag coeffi-
cient is provided for headwind (over the bow g7 O degrees) and tailw nd
(over the stern: q,= 180 degrees) conditions. The headw nd (bow) w nd-

force drag coefficient is designated C and the tailwind (stern) wind-force
drag coefficient is designated C . e following longitudinal wind-force
draF coefficients are recommende§w§or hull-dominated vessels, such as air-

t

crart carriers, submarines, and passenger |iners:
Coug = 040 (5-17)
C _ -
s - 0.40 (5-18)

For all remaining types of vessels, except for specific deviations, the
following are recomended:

C
ong = 0-70 (5-19)

C
XWS

An increased headwi nd wind-force drag coefficient is recomended for center-
i sland tankers:

= 0. 60 (5-20)

C vy = 080 (5-21)

For ships with an excessive amount of superstructure, such as destroyers and
cruisers, the recormended tailw nd wind-force drag coefficient is:

C = 0. 80 (5-22)

XWS
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An adj ustment consisting of adding 0.08 to C and Cx

< is recommended for
all cargo ships and tankers with cluttered de"Es.

wS

Longi tudinal shape function, f_ (8 ), differs over the headw nd and
tailwind regions. The incident wind'angle that produces no net |ongitudinal
force, designated ew for zero crossing, separates these two regions.
‘Selection of 8 _ is“deternined by the nean | ocation of the superstructure
relative to migghips. (See Table 12.)

TABLE 12
Selection of q,,
Location of Superstructure 94 v
Just forward of mdships . . . . . . . . 80°
On i dshi ps . N 0 O
Aft of mdships .. . . . . . . . . . .. 100°
Hul | -doni nated - - - - - - - - . . . . . 120

For many ships, including center-island tankers, q,~ |00 degrees is typical;
q,,~ 110 degrees is recommended for warships.

The shape function for longitudinal load for ships with single, distinct
superstructures and hul | -dom nated ships is given below. (Exanples of ships
in this category are aircraft carriers, EG2, and cargo vessels.)

£ (8) =~ cos ¢ (5-23)
. = [ 20° < ]
WHERE: 4}(_) (9 )ew for 0 <49__ (5-24)
wz
90° °
+(+) B mz) (8, - 8,,) + 90° for ew>ewz (5-25)
gyz - incident wind angle that produces no net |ongitudinal force

q, = wWnd angle

The val ue of f ‘S qw)>i s symetrical about the longitudinal axis of the vessel.
Therefore, whef @ 180°, use 360° - Ow as 8 in determining the shape
function. For eximple, 1f 6 _ = 330°, uSe 360° - @_ = 360° - 330° = 30° for

e -

W

Ships with distributed superstructures are characterized by a “hunped”
cosine wave. The shape function for |ongitudinal |oad is:
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(sin ‘ - —————SiBSJ
(9 ) - 10

- (5-26)
- 10

WHERE: (90 )9 + 90° for o, <9 (5-27)

ey - (w)e +<180 -——-;——"5—; for 6_=>8__ (5-28)

As expl ained above, use 360° - (q,for ( 6 when q >180°.

(c) Wnd yaw noment. Wnd yaw nonent is cal cul ated using the
foll owing equation:

1 2
xyw = 2 /°a v, Ay L nyw(ew) (5-29)
VWHERE: M XYW _wind yaw noment, in foot-pounds
/° = mass density of air = 0.00237 slugs per cubic foot
a at 68°1?
Vow ~wind velocity, in feet per second
AY B | ateral projected area of ship, in square feet
L ~length of ship

Cyyw ( @) normalized yaw nonment coefficient

Figures 52 through 55 provide yaw monent coefficients for various vessel
types.

(2) Wnd Load on Floating Drydocks.

(a) Lateral wind load. Lateral wind load on floating drydocks
(W thout the maxi mum vessel on the blocks) is determ ned using the follow ng:

1 2
=% /P V.o Ay Cpy sind, (5- 30)

VWHERE: wa =lateral wind load, in pounds
/Pa = mass density of air = 0.00237 slugs per cubic foot at 68°F
VW = wind velocity, in feet per second

AY =lateral projected area of drydock, in square feet
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CDVV: wi nd-force drag coefficient

q = wndangle

Wen a vessel within the dock protrudes above the profile of the dock,
the dock should be treated as a nornal, “ship-shaped” vessel. (See Subsec-
tion 5.4.a.(1).) Table 3 of DM 26.6 provides characteristics of floating
drydocks and gives broadside wind areas for the drydocks with the maximm
vessel on the bl ocks.

The wind-force drag coefficient, C , for various drydocks in various
| oadi ng conditions is presented in Table 13. The values of C_.. in Table 13
are given for floating drydocks without a vesSel on the blocks.

TABLE 13

Wnd-Force Drag Coefficient, Cp,, for Floating Drychcks
Vessel C W Condi tion
ARD- 12 0.909 Loaded draft but no ship
ARD- 12 0.914 M ni num dr af t
AFDL- 1 0.788 M ni num draft
AFDL- 1 0.815 Loaded draft but no ship
AFDB- 4 0.936 M ni num dr af t
AFDB- 4 0. 893 Loaded draft but no ship
AFDB- 4 0. 859 Drydock folded wing walls

(b) Longitudinal wind |oad. Longitudinal wind |oad on float-
ing drydocks (without a vessel within the dock) is determ ned using the
fol | owi ng:

1 2
Fw="72 /% Y Ay Cpy coséy (5-31)

3
A
Y]
I
T
>
=
I

| ongi tudi nal wind |oad, in pounds

/Oa: mass density of air = 0.00237 slugs per cubic foot at 68°F

V= wnd velocity, in feet per second
Ax = longitudinal projected area of dock, in square feet
CD\N: wi nd-force drag coefficient

The frontal wind areas for floating drydocks are provided in Table 3 of
DM 26.6. As in the case of |ateral |oad, when the nmaxi mum vessel on the
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bl ocks protrudes above the dock profile, then the dock should be treated as a
“shi p-shaped” vessel. (See Subsection 5.4.a.(1).)

The longitudinal wind |oad on a floating drydock is conputed in the sane
manner as is the lateral wind load. Therefore, the wind-force drag coeffi-

cients, Cp,, for the lateral and longitudinal wind |oads are the same and are
those given in Table 13.

(c) Wnd yaw noment. Wnd yaw nonment is conputed using the
follow ng equation for the ARD-12 taken from Altmann (1971):

- e
Moyw® Fyw © w (5-32)

VWHERE: M(yw: wi nd yaw nonment, in foot-pounds

FyW = lateral wind load, in pounds
e, - eccentricity of wa in feet
_ ¢ ¢3.125 _ on® - o 5-33
e, =L [S5= - 0.0014 (8 - 90°)] for 0= @_x< 180 (5-33)
- 3.125 - o 0 &= © 5-34
e, =1L [555~+ 0.0014 (8, - 270°)] for 180°<= @ _=<360 (5-34)
L = length of drydock

Unli ke the ARD-12, which is asymretrically shaped, the AFDL-1 and AFDB-4
are symetrically shaped drydocks. Therefore, from an anal ytical standpoint,
the wind yaw nonent on the AFDL-1 and AFDB-4 drydocks is zero when there is
no vessel within the dock. Wien the vessel within the dock protrudes above
the drydock profile, the wind yaw nmonent is conputed using the procedures for
“shi p-shaped” vessels. (See Subsection 5.4.a.(1).)

b. Current Load.

(1) Lateral Current Load. Lateral current load is determned from
the follow ng equation:
1 2 .
ch = wa VoL, T Cyc sinq, (5-35)
VWHERE: ch = |ateral current load, in pounds
SRy = mass density of water = 2 slugs per cubic foot for sea water
V .= current velocity, in feet per second

LWL = vessel waterline length, in feet
T = vessel draft, in feet
Cyc = lateral current-force drag coefficient
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q. = current angl e

The lateral current-force drag coefficient is given by:

Cye= Cycloo * (Cycll - CYCleo) e Gr!i P (5-36)
VWHERE: 30 =—lateral current-force drag coefficient

= |imting value of lateral current-force drag coefficient
ye i@ for large values of wd
Cyc|| —limting value of IateraITcurrent-force drag coefficient

) for JQF_ =1
€ ~2.718
k —coefficient
wd =water depth, in feet
T

=vessel draft, in feet

Values of C !90 are given in Figure 56 as a function of L, /B (the ratio of
vessel watetfine length to vessel beam) (ordinate) and vessel block coeffi-

cient, f, (abscissa) . The block coefficient is defined as:
f _ 35 D 7
- L ,, BT -
-~ (5-37)
W\HERE : f = vessel bl ock coefficient
D = vessel displacenent, in long tons

LWL = vessel waterline length, in feet

B = vessel beam in feet

T = vessel draft, in feet
Val ues of C y | ;are given in Figure 57 as a function of C LwL[J/T\ C_, the
prismatic coefficient of the vessel , i's defined as: P P

f
C p = C_m (5-39)

VWHERE: CP = prismatic coefficient of vessel

f = vessel Dbl ock coefficient
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C .= mdship section coefficient

m

= imersed area of mdship section
B P (5-39)
B = vessel beam in feet
T = vessel draft, in feet

The value of the coefficient, k, is givenin Figure 58 as a function of the
vessel block coefficient, f, and vessel hull shape (block-shaped or nornal
shi p- shaped)

The values of the coefficients C . , C I , and k are presented in
Table 14 for each vessel originally tZstgg byy%he David Tayl or Mydel Basin.
Di nensi onal properties of each vessel are also given in this table.

(2) Longitudinal Current Load. Longitudinal current |oad pro-
cedures are taken from Cox (1982). Longitudinal current |oad is deternined
using the follow ng equation:

F=F

x¢ 'x form~ l:x friction P prop (5-40)

WHERE: F = total longitudinal current |oad
X C
Fe form = longi tudinal current |oad due to form drag

FX friction | ongi tudinal current load due to skin friction drag

Fx prop | ongi tudinal current |oad due to propeller drag

Formdrag is given by the follow ng equation:

Fx form = -Zl-/aw vc?. BT Cxcb cosec (5-41)

WHERE: F, ... = longitudinal current load due to formdrag

/"w = rram;?eﬁiensity of water = 2 slugs per cubic foot for sea

V . = average current speed, in feet per second

B = vessel beam in feet

T = vessel draft, in feet

Cvch = longitudinal current fom-drag coefficient = 0.1

g . current angle

Friction drag is given by the follow ng equation:
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4), Cycloo’ Cycll’ Cp, CprL/,S T, k, and D nmensi onal Properties

TABLE 14

for DTVMB Model s

Bl ock

o CL
W

C
o ycloo ye| 1 P _wL
L i B T Coefficient, 7 joe (shallow — (esti- ==
Ship Type (feet) (feet) (feet) f wat er) wat er) mat ed) k
AFDB- 4 725 240 10.0 0.721 0.50 5.00 * 5.00
20.0 0. 785-0. 820 *
67.0 0. 855 1 88
AFDL- 1 200 64 4.5 0.675 0.55 2.55 * 3.00
8.0 0.728 *
28.5 0.776 1 37
ARD- 12 489 81 6.0 0. 805 0.70 4,25 * 1.80
10.5 0.828 *
32.0 0. 864 1 86
AO 143(T-5) 655 86 16.6 0. 636 0.75 4.00 0. 684 82 0.75
35.1 0.672
EC- 2 410 57 10.0 0. 626 0. 60 4.60 0. 758 98 0. 80
CVE- 55 490 65 16. 64 0. 547 0. 60 4. 60 0. 567 68 0. 80
SS- 212 307 27 14.25 0. 479 0. 40 2. 80 0. 479 39 0.75
DD- 692 369 1 10. 62 0.472 0. 40 3.30 0. 539 61 0.75

*Not conputed for snaller draft;

assume t hat drydock is moored to accomodate maximum draft




Fx friction

WHERE: F

q.

x friction

= - é_/w Vc2 S Cxca Q)S fC (5' 42)

| ongi tudinal current load due to skin friction

mass density of water = 2 slugs per cubic foot for sea
wat er

average current speed, in feet per second

wetted surface area, in square feet
= (1.7 TL, + (35 D (5-43)
= vessel draft, i;-feet

waterline length of vessel, in feet

di spl acenent of ship, in long tons

| ongi tudi nal skin-friction coefficient
= 0.075/(log R- 2)° (5-44)

Reynolds number = Vc Lo cosecﬁj) (5-45)

ki nematic viscosity of water (1.4 x 10°square
feet per second)

current angle

Repel ler drag is the formdrag of the vessel’s propeller with a |ocked
shaft. Repeller drag is given by the follow ng equati on:

F = -3 A C :
X prop-. ,2/°ch P Brop CosqC (5-46)
WHERE: FX prop - | ongi tudi nal current |oad due to propeller drag
W = mass density of water = 2 slugs per cubic foot for sea
f wat er
V . = average current speed,” in feet per second
AP = propeller expanded (or devel oped) blade area, in square
feet
Cprop - propeller-drag coefficient (assumed to be 1)
q . = current angle
Ais given by:
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A A

_ Tpp = _1Pp 5- 47
A = T067 - 0.229 p/d 0 838 (547

WHERE:  Ap = propeller expanded (or developed) blade area, in square feet
ATPP _ total projected propeller area, in square feet
p/d = propeller pitch to dianeter ratio (assuned to be 1)

Tabl e 15 shows the area ratio, A, for six major vessel groups. (The area
ratio is defined as the ratio of the waterline length tines the beamto the
total projected propeller area.) Then, the total projected propeller area,
A can be given in terns of the area ratio as follows:

T

pp

(5-48)

A
WHERE: T = total projected propeller area, in square feet

pp

LWL = waterline length of vessel, in feet
B = vessel beam in feet
A

R = area ratio, found in Table 15

A TABLE 15
R for Propeller Drag

Area Ratio,
Vessel Type * R
Destroyer . ... . ... . . . . .. 100
Cuiser . . . .. ... ... .. , 160
Carrier . . . . . . . . ... 125
Cargo . . .. . ... ... 240
Tanker . . . . . . . . . . ... 270
Submarine . . . . . . 125

(3) Current Yaw Monent. Procedures for determ n_i ng current yaw
nmoment are taken from Altmann (1971). Current yaw nonent is determ ned
using the follow ng equation:

e
c
MXYc = ch (LwL) LwL (5-49)

VWHERE: Nkyc = current yaw noment, in foot-pounds
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ch = |ateral current load, in pounds
e .
¢ = ratio of eccentricity of lateral current |oad neasured al ong
me the longitudinal axis of the vessel from am dships to

vessel waterline length

(0]
1

. eccentricity of ch

vessel waterline length, in feet

The value of (e /L, is given in Figure 59 as a function of current angle,
q.. and vessel type.

5. ENVI RONMENTAL LOADS ON MULTIPLE MOORED VESSELS. This section describes
met hods for determning static wind and current |oads on multiple noored
vessels. The longitudinal force, lateral force, and yaw noment are eval uated.
Figure 51 defines the coordinate system and nonenclature for describing these
| oads. A discussion of the various physical phenonena involved in these
procedures is provided in Section 4. Procedures vary dependi ng upon whet her
the multiple-vessel nooring consists of identical or nonidentical vessels.

a.ldentical Vessels. Altmann (1971) has formulated a procedure for
estimating wind and current |oads induced on nests of identical noored
vessels. The procedures provide conservative estimtes of |ateral |oads,
| ongi tudi nal | oads, and yaw noment.

(1) Wnd Load.

(@) Lateral wind |oad. The lateral wind load on a single
vessel within a group of identical vessels depends upon the position of that
vessel within the group. For exanple, the wind load is larger on the first
(most wi ndward) vessel in a group than on the interior vessels. The follow
ing enpirical equation gives lateral wind |oad on a group of identica
vessel s:

F =F [Ksin g+ Ksin3 gw Ksin3 q+ K (1 - cos4 q,)
ywg yms
. ..K(1 - cosd q)] (5-50)
WHERE: F = total lateral wind |oad on a group of identical
ywg vessels (g refers to “group”)

T
1

s lateral wind load on a single vessel (Equation
y (5-11)) at q,= 90° (s refers to “single”)

K. ..K = dinensionless wnd-force coefficients

e = wind angle (assumes val ues between O and 180 degr ees;

beyond 180 degrees, the relative positions of the vessels
becone reversed)
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The di mensionl ess wind-force coefficients, %. K,..-Kg, are presented in
Table 16 as a function of ship type (normal or hurlféoﬁinated) and position
of the vessel in the mooring. The number of K terns used in Equation (5-50)
is a function of the number of ships in the nooring. If the |oad on only one
of the vessels in the mooring is desired, then only the termof interest is
needed. For example, if the load on the second vessel in a group of three is
needed, then only K,is used in Equation (5-50). The load on the entire
nmooring is the summation indicated by Equation (5-50). The terns K and K,
whi ch represent the nost w ndward and | eeward vessels in a nooring, respec-
tively, are always used. K is used for the second vessel in a group of
three or nore. K,is used for the second-fromlast vessel in a group of four
or nore vessels. The K coefficient is used for the third vessel in moorings
of five or nore vessef%. The K,coefficient is used for each additiona
vessel in nmoorings of six or nore vessels. Figure 60 shows how to assign the
various K coefficients for vessel groups consisting of two to six vessels.

TABLE 16
Lateral Wnd-Force Coefficients for Miltiple-Vessel Morings

Ship
Model Ship Type ‘1 ‘2 ‘3 ‘4 ‘5
CVE-55 Hul | - dom nant ;

little super- 1.00 0.20 0.16' 0.35 0.44
SS-212 structure
EC- 2 Standard profile;

consi derabl e 1.00 0.14 0.11 0.13 0.30
DD- 692 superstructure

'No data; suggested val ue

(b) Longitudinal wind |load. The total |ongitudinal w nd |oad
on a group of identical vessels is determ ned as foll ows:

Frng = Fras 1 (5-51)

WHERE: F = total longitudinal wind |oad on a group of identical
XWQ  vyessels

FXWS [ ongitudinal wind |oad on a single vessel (Equation (5-16))

n number of vessels in the group

(c) Wnd yaw noment. The wind yaw nonent on a single vessel
within a group of identical vessels is a function of the position of that
vessel and the nunber of vessels in the mooring. First, the yaw nonment on a
single vessel, M, at a specified wind angle, q, is calculated. Then
the appropriate coefficients fromFigure 61 are used to determ ne the nonent
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on individual vessels in the mooring. The coefficients, K, from Figure 61
are summed and multiplied by N&yws to determne the total nmoment on the
vessel group

M =M K + K + K + ... )
Xywg xyws( Nwi N2 N8 ) (5-52)
WHERE : = total wind yaw noment on a group of identica
N&ymg vessel s
P& y WS wi nd yaw moment on a single vessel (Equation (5-29))
K K wi nd yaw noment coefficient which accounts for the

N Na2  hunber and location of vessels in the nooring;
given in Figure 61

(2) Current Load.

(a) Lateral current load. The lateral current load on a
single vessel within a group of identical vessels depends upon the spacing of
the vessels and the position of the vessel within the group. The effect of
vessel spacing is shown in Figure 62, which provides the ratio (K) of the
load on the first vessel in the nmooring to that on a single vessel for
several values of dimensionless spacing and for vessel types. (The first
vessel is the one which is subjected to the full current |oad, anal ogous to
the nmost wi ndward vessel discussed previously.) Dinensionless spacing is
defined as the ratio of distance between vessel centerlines, d, to vessel
beam B. The effect of vessel position in a multiple-vessel nooring is shown
in Figure 63, which presents the ratio, K, of lateral current load on a
vessel within a nooring to that on the first vessel as a function of the
position and total nunber of vessels in the nooring.

The follow ng equations can be used to determne lateral current |oads
on a group of identical vessels. The lateral current load on the first
vessel in the nooring is given by:

:izF K, (1- cos2 qgc) (5-53)

F
ycl ycs

The lateral current [oad on the second vessel of a nooring with three or
more vessels is given by:

chz = (F, @90°) [sin q- K (1 - cos2 q)] (5-54)

The lateral current |oad on each remaining vessel in a mooring, or on
the second vessel if there are only two vessels in the nooring, is given by:

Fyez = (Fu @90°) [sin q.- K(1- 0.5 cos2 q.- 0.5c0s6q)]  (5-55)

WHERE: F = |lateral current load on the first vessel in a group

ycl
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-
1

lateral current load on a single vessel at ¢q,= 90°

yes (Equation (5-35) )
K = spacing factor, given in Figure 62
6
q-. = current angle
F = |lateral current load on the second vessel in a group of,
vz three or nore
F., @90° = lateral current load on the first vessel in a group at
q.= 90°
K = factor for position and nunber of vessels in a nooring,
7 given by Figure 63
F cz = |lateral current load on the zth vessel in a mooring, or
y on the second vessel if there are only two vessels in
t he nmoori ng
z = position of vesse

The above equations can be used to determne the | oads on each individua

vessel or, when summed, to determne the total |load on the group of identica
vessel s.

(b) Longitudinal current load. The total |ongitudinal current
| oad on a group of identical vessels is determned by the follow ng equation:

Fxcg = FXCS n (5-56)
WHERE: F = total longitudinal current load on a group of identica
vessel s
FXCS = longitudinal current |oad on a single vessel (Equation (5-40))
n = nunber of vessels in the group

(c) Current yaw nmorment. The current yaw nonent on a single
vessel within a group of identical vessels is a function of the position of
that vessel and the nunber of vessels in the nooring. First, the yaw nonent
on a single vessel, M,at a specified current angle, q, is calculated.
Then, the appropriate coefficients fromFigure 64 are used to determne the
nmoment on individual vessels in the nooring. _

Figure 64 are sumed and nultiplied by “&ycs to determne the total noment on
the vessel group:

M =M K K K 5- 57
Xycg xycs Ncl + Nc2 + Nc3 + ...) (5-57)
VWHERE: N& = total current yaw noment on a group of identica
yceg vessel's
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current yaw nmonent on a single vessel (Equa-

M
Ayes tion (5-49))

K K current yaw nonment coefficient which accounts for
Ncl, Nc2 t he nunber and |ocation of vessels in the nooring,
given in Figure 64

b. Nonidentical Vessels. Typical present-day nultiple-vessel mooring
arrangenents consist of a tender with a nunber of identical vessels noored

alongside in parallel fashion. |In these nmoorings, the separation distance
bet ween the nested vessels and the tender is small. Frequently, the nested
vessel s are noored to each other and then to the tender. In this case, the

mooring must be able to sustain the entire |oading pattern induced on al
vessels. This situation requires special treatment and additional nodel
testing. In the absence of proper data, or until such data become avail able,
the follow ng approximate procedure for estimating wind loads on nultiple
moor ed vessels is suggested:

(1) Estimate the wind |oads on the nest of identical vessels
moor ed al ongside the tender follow ng the approach out-

| ined above.
(2) Estimate the wind |oads induced on the tender as a single
vessel .

(3) Add the longitudinal loads linearly, since there is
m ni mum interference between projected areas for stream
lined objects in head-on wi nds. These additive |oads
constitute the longitudinal |oads for the vessel group
in w nd.

(4) Conpare the beam of the tender with the conposite beam of
the nested group. Conpare the projected broadside areas
exposed to wind for the nested group and the tender and
compare the respective lateral forces, as determ ned
from (1) and (2), above. The follow ng cases are possible:

(a) The beam of the tender is greater than half the
conmposi te beam of the nested group

(b) The beam of the tender is less than half the
conmposi te beam of the nested group

(c) The projected broadside area of the tender exposed
towind is greater than tw ce the projected broad-
side area of the nested group (or single vessel).

(d) The projected broadside area of the tender exposed
towndis less than twice the projected broadside
area of the nested group (or single vessel).

If (a) and (c) occur, then there is essentially com
plete sheltering, and the lateral |load for the group
shoul d be taken as the greater of the |oads conputed
under (1) or (2) above. |If (a) and (d) or (b) and
(c) occur, then there is sone sheltering, but it is
not conplete. Therefore, increase the maxi num

| ateral |oad determned under (1) or (2) above by

10 percent for standard-profile vessels and by

15 percent for hull-dom nated vessels. If (b) and

26.5-123



(d) occur, then the sheltering that occurs is

mnimal and is not very effective. Under this
circunmstance, the maximum | ateral |oad as determ ned
under (1) or (2) above should be increased by 20 per-
cent for standard-profile vessels and by 30 per-

cent for hull-donminated vessels. The percentage
increments indicated above are conpatible with, but
not the same as, the K factors defined for identica
vessel s.

(5) Wth the maxinum |ateral and longitudinal |oads as
determned in steps (1) through (4) above, the
follow ng equation is used to determ ne | oads acting
at angl es ot her than head-on and beam on:

me = (F. @0°) cos q,, (5-58)
Fngmz (F,., @90°) sin q (5-59)
WHERE: F = longitudinal wind |oad acting on vessel group from wi nd
with angle q,
Fxmg @O0 ° = |ongitudinal wind |oad on vessel group at q ,= O
Ay = wind angle
F | ateral wind |oad acting on vessel group fromwind with
ywg = angle q,
wag @ 90° = |ateral wind |load on vessel group at q,= 90°

(6) The yaw monents should be taken as the maxi num of
either the individual values determined in (1) or (2)
above or the algebraic sumif the signs are the sane.

In order to estimate current |oads on nultiple noored vessels, a simlar
procedure to that outlined in steps (1) through (6) above is used. There
are differences in the procedure. First, instead of broadside projected
area the product of the waterline length (L ) and the draft (T) (that is,

times T) is used. Secondly, the effect o¥ sheltering seems to be more
et %ective over longer beam distances in the case of current than in the case
of wind. The followi ng change in procedure as outlined in Steps (4) and (5)

above is recomended:

(4) (Changed) Conpare the product L, T for the tender and
for the nested group, and conpare the respective
| ateral |oads as determned from (1) and (2) above.
Conpare the beam of the tender with the conposite
beam of the nested group (including separation dis-
tances). The follow ng cases are possi bl e:
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(a) The beam of the tender is greater than one-fourth
of the beam of the conposite group.

(b) The beam of the tender is |ess than one-fourth of
the beam of the conposite group.

(c) The L, T area of the tender exposed to current
is greater than the L, T of the nested group.

(d) The L, T area of the tender exposed to current
is less than the L, T of the nested group.

If (a) and (c) occur, then there is essentially com
plete sheltering and the lateral load for the group should
be taken as the greater of the |loads conmputed under (1)
and (2) above. If (a) and (d) or (b) and (c) occur,
then there is sone sheltering, but it is not conplete.
Therefore, increase the maxinum |l ateral |oad determ ned
under (1) or (2) above by 10 percent for all vessels.
If (b) and (d) occur, then the sheltering that occurs
is mniml and equivalent to that of an additiona
vessel in the group. Increase the maximm |ateral |oad
as determned under (1) and (2) above by 20 percent.
These percentage increnents are conpatible with the
analysis for identical vessels. These increnents are
not the sane as, but represent, both the effect of ship
spacing (K) and the cunulative effect of the nunber of
ships (K)).

(5) (Changed) Wth the maximm lateral and |ongitudina
| oads as determ ned above, the follow ng equations are
used to determine loads acting at angles other, than
head-on and beam on:

Fxcg = (F,, @0%) cos q (5-60)
Freg = (FL@90°) sin qc (5-61)
WHERE: FXC = longitudinal current load acting on vessel group from
g current with angle q.

FXCg @0° _ longitudinal current load on vessel group at q,= 0°

q. = current angle

F c « lateral current |oad acting on vessel group from current

ycg with angle q.

F.,@9 0" ~ lateral current |oad on vessel group at q = 90°

As the dinmensions of the tender vessel approach those of the vesse
moor ed al ongsi de, then the analysis should be the sane as that obtained by
considering a group of identical vessels (including the tender). On the
other hand, as the dinensions of the tender vessel increase relative to those
of the vessels noored al ongside, the forces on the tender vessel donmi nate the
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| oadi ng pattern, and the forces induced on the nested group of vessels are
i nconsequenti al .

Oten, in fleet nmoorings, the separation between the nested vessels and
the teader is such that the vessels and tender act independently of each
other. In fact, it is often desirable that the mporings be independent.

This is an inportant consideration in exposed |ocations. Because the tender
may not al ways be present, a conservative approach is one that enphasizes
anal ysis and design of the mooring for the nested vessels separately from
that of the tender nooring. In this case, the procedures for predicting

| oads (and nonments) on the group of identical vessels should be used.

6. LOADS ON MOORI NG ELEMENTS.  Procedures for determning the horizontal
load in nooring lines for several nooring arrangenents are sumarized bel ow.

a. Total loads. The first step in analyzing |oads on nooring el enents
is to determne the total longitudinal l[oad, total lateral l|oad, and total
yaw monment on the moored vessel using the follow ng equations:

For = Fu+ Fo (5-62)
For =Fyw *Fyc (5-63)

M<yT =M XYW +M<yc (5-64)

WHERE: F, = total l|ongitudinal |oad

wa = | ongi tudinal wi nd |oad
Fxc = longitudinal current |oad
FyT = total lateral |oad

wa = lateral wind |oad

F = |lateral current |oad

ycC

Nl(yT _ total yaw nonent

M _ wind yaw nmonent

Xyw =

current yaw nonent
Xyc =

b. Free-Swi nging Moring. The general procedure for determning the
maxi mum | oad on a free-swi nging (single-point) nmooring involves assumng a
ship position (q, and q,) and calculating the sumof monents on the vessel.
This process is repeated until the sum of noments is equal to zero. The
procedure is tedious and involves a nunber of iterations for each w nd-
current angle, q, (angl e between wind and current ;). to the large
val ues of nmoment (which can be on the order of 18 to 10 foot-pounds) it is
difficult to determne the precise |ocation at which the sum of noments is
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zero. As a result, the point of equilibrium (zero noment) is determ ned
graphically. The procedure involves halving the interval (between values of
g,) for which the monment changes signs. A step-by-step procedure is given in
Figure 65. An acconpanying exanple plot of sum of nonents, &M versus
current angle, q,, is shown in Figure 66. (An exanple problem which shows
each of these steps is given in Section 6.)

< Mis determned using the follow ng equation:
EM =M + M - F ]
xyw xyc y'rARM (5-65)

VWHERE: =M sum of nonents

N!<yw = wi nd yaw nonent

current yaw nonent

z

FyT = total lateral |oad

ARM = distance from bow hawser attachnent point to center of
gravity of vessel (ARM = 0.48 LOA)

LOA = length overall

Once the point of zero monment has been found, the horizontal hawser
load, H 1is deternmined using the follow ng equation:

2

2
H =JFXT +Fop (5- 66)

3
A

hori zontal hawser | oad

F.= total |ongitudinal | oad

T
1

yT total lateral |oad

The use of conputer programs is an alternate method of determning free-
sw ngi ng nooring |oads (Naval Facilities Engineering Command, 1982, and Cox,
1982) .

c. Sinplified Miltiple-Point Moring Analysis. Sinplified nethods for
determ ning mooring-line loads in multiple-point noorings are presented
below. These procedures, and the assunptions inherent to them differ
dependi ng upon the geonetry of the mooring. Although crude, these sinplified
sol utions have been used successfully in the past and are satisfactory for
prelimnary design. The conputer program presented in Appendix B is recom

mended for final design or for prelimnary designs involving nooring geo-
metries other than those discussed bel ow

(1) Bowand-Stern Moring. A force diagramfor a typical bow and-
stern mooring is shown in Figure 67. In order to facilitate hand conputa-
tions, a vessel in a bowand-stern nooring is assuned to nove under applied
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—~ 450 %\

H, = HORIZONTAL LOAD IN LINE |
H,= HORIZONTAL LOAD IN LINE 2

&
&

\_i' 45°

IFxz 0 = FxT+cosa5°H, - cosa5°H, EQ(5-67)
IF =0 = FyT -sin 45°H, -sina5°H, EQ.(5-68)
OR
F F
Hpz —¥T_ 4 T EQ.(5- 69)
2sin45°  2cos 45°

Hy= Hp~ FxT -

cos 45° E(5-70)

NOTE: DESIGNER MUST BE SURE THAT ALL SIGNS ARE
CONSISTENT WITH APPLIED LOADS AND LINE
ORIENTATIONS

FI GURE 67
Force Diagram for a Typical Bow and-Stern Moring
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| oading until the nooring |ines make an angle of 45 degrees with the |ongi-
tudinal axis of the vessel. (See Figure 67. ) Horizontal line loads in the
bow line (H) and in the stern line (H) are determned by suming the forces
in the x- and y-directions. Equations for |ine |oads are given on Figure 67
Note that this procedure is an approximation which does not provide a noment
bal ance.

(2) Spread Moring. A force diagramfor a typical spread nooring
for a floating drydock is shown in Figure 68. The nooring consists of bow
and stern mooring |ines, which resist longitudinal |oad, and four nooring
l'ines, placed perpendicularly to the longitudinal axis of the vessel, which
resist lateral load. The bow or stern nooring line is assumed to take the
| ongi tudinal nooring load. Moring-line |oads nay be determined fromthe
equations shown on Figure 68.

(3) Four-Point Moring. A force diagramfor a typical four-point
mooring is shown in Figure 69. The hand solution used to analyze this
mooring arrangenment is presented in CHESNAVFAC FPO- 1-81-(14). Each of the
lines in this nooring resists both longitudinal and |ateral |oad. Moring-
line | oads may be determned fromthe equations shown on Figure 69.

d. Conputer Solution. Appendix B provides a description of and docu-
mentation for a conputer program which analyzes multiple-point noorings.

7. DESI GN OF MOORI NG COVPONENTS

a. Selection of Chain and Fittings

(1) Approximate Chain Tension. The maxi mum nooring-chain tension
is higher than the horizontal load on the chain. However, nornally only the
hori zontal load is known. The maximum tension is approximted as follows:

T=1.12 H (5-78)
VWHERE: T = maxinumtension in the mooring chain

H. horizontal load on the nooring chain determined in previous sub-
section (for exanple, H H, H. . .)

This equation provides conservative estimates of nooring-chain tension for
wat er depths of 100 feet orless.

(2) Maximum Al l owabl e Working Load. The maxinum al | owabl e wor ki ng
| oad for nooring chain |oaded in direct tension is:

Tdesign = 9-3% Threak (5-79)
WERE ;T desi gn = ™Xinum allowabl e working load on the mooring chain
Toreak = breaking strength of the chain
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For mooring chain which passes through hawsepi pes, chocks, chain stop-
pers, or other fittings which cause the chain to change direction abruptly
within its loaded length

Tesign = 0-25 Tuea (5-80

(The maxi num working | oad may be taken as 35 percent of the chain
breaki ng strength provided the mninum bending radius is nine tines the chain
di ameter, according to NAVSEASYSCOM criteria.)

(3) Chain Selection. Chains and fittings are to be selected with
a breaking strength equal to or exceeding I%r This criterion is con-
sistent with practice in the offshore oil i dﬁ§1$y (Flory et al., 1977).

The breaking strength of Navy common A-link chain is presented in
Table 95 of DM 26.6. The breaking strengths of the various types of fittings
used in standard fleet noorings are presented in Tables 96 through 113 and
Figures 6 through 8 of DM 26.6. Breaking strengths for various types of
commercially available chains and fittings are presented in Tables 10 through
43 of DM 26.6

It is coomon practice to round up to the nearest |/4-inch size when
selecting chain or fittings. It may be desirable to specify the next |argest
size of chain or fitting if excessive wear is expected. Since excessive wear
generally occurs in the fittings, it is customary to use the next |argest
size for these parts only. Care should be taken to assure that |arger
fittings are conpatible in size to standard chain and fittings.

(4) Chain Wight. “Wights per shot of chain given in the above
tables from DM 26.6 are-weights in air; the weight of chain in water is
obtained by multiplying the weight in air by 0.87. \Wen tables of actua
chain weights are unavailable, the submerged weight of stud link chain nay be
approxi mated as foll ows:

W, = 9.5 d (5-81)
m@ubnerged = 8.26 d (5-82)
WHERE: w,, =weight of chain (in air), in pounds per foot of |ength
w = weight of chain (in water), in pounds per foot of
subrrer ged l ength (submerged unit wei ght of chain)
d = diameter of chain, in inches

b. Conputation of Chain Length and Tension

(1) Catenary Equations. A chain nooring line supported at the
surface by a buoy and extending through the water colum to the seafl oor
behaves as a catenary. Figure 70 presents a definition sketch for use in

catenary analysis. At any point (x, y) the follow ng hold

V=wS =Tsinq (5-83)
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H=wc =T COSq (5-84)
T=wy (5-85)
WHERE: V

vertical force at point (x, y)

w= subnerged unit weight of chain

l ength of curve (chain length) frompoint (O c) to point (X, y)
T=line tension at point (x, YY)

g= angle of mooring line with horizontal

H= horizontal force at point (x,y)

C= distance fromorigin to y-intercept = Hw

The shape of the catenary is governed by the foll ow ng:

y22=§+ &2 (5- 86)

y = C cosh— (5-87)

s = c sinh— (5- 88)

VWHERE: S = length of curve (chain length) frompoint (O c) to point (x, y)
¢ = distance fromorigin to y-intercept

Equation (5-88) may be nore conveniently expressed as:

x=c¢ 1n

ojn

+ (%) + 1 (5-89)

Note that, in the above equations, the horizontal load in the chainis
the same at every point and that all neasurenments of x, y, and S are
referenced to the catenary origin.

\Wen catenary properties are desired at point (x, Yy,), as shown in
Figure 71, the follow ng equations are used:

X
\/s; bz - (wd)? = 2¢ sinh ﬁ‘l (5- 90)

X
W tanh m (5-91)
S m
ab C
X
_ ab )
Xy = % + o (5-92)
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X
X p = X o+ _ab (5-93)
2
WHERE : terns are defined in Figure 71
Equation (5-91) is nore conveniently witten as:
x =S [n 1+ -1 -%y) (5-94)
m 2 S S
ab ab

Due to the nature of the hyperbolic functions in the above equations, it
sometimes may be convenient to express the catenary equations in trigononet-

ric form

S =c¢ (tang,- tan q)) (5-95)
y = (sec q,- sec ga) (5-96)
tan®, + secO
_ b b
x=c In (tane + sec ) (5-97)
a a
1
sec q= — (5-98)
os q
_ H .
C= W (5-99)

WHERE: S l ength of curve frompoint (O c) to point (x, vy)
c = distance fromorigin to y-intercept

angle of the nooring line with the horizontal at point b

o]
I

= angle of the mooring line with the horizontal at point a

0
o
|

g = angle of the nooring line with the horizonta
H = horizontal force at point (x, YY)
w = submerged unit weight of chain

(2) Some Applications of the Catenary Equations.

(a) Case 1. The known variables are the nooring-line angle at
the anchor, q,(which is zero: q,= 0°), the water depth, wd, the horizonta
load, H, and the subnerged unit weight of the chain, w A zero anchor angle
Is often specified because drag-anchor capacity is drastically reduced as the
angle of the chain at the seafloor is increased. The length of mooring line
S _the horizontal distance from the anchor to the buoy, x, and the
tension in the nooring line at the buoy, T,, are desired. procedures for
determ ning these values are outlined in Figure 72. Check to determne if
the entire chain has been lifted off the bottom by conparing the conputed
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chain length from anchor to buoy, S,, to the actual chain length, Sactual
If the actual chain length is less than the conputed, then Case | cannot
used and Case V nust be used.

(b) Case 11. The known variables are the nooring-line angle
at the anchor, q,(or, equivalently, a specified vertical load at the anchor,
V), the water depth, wd, the horizontal |oad at the surface, H and the
subnerged unit weight of the chain, w This situation arises when a drag
anchor is capable of sustaining a small prescribed angle at the anchor, or an
uplift-resisting anchor of given vertical capacity, V.= Htan q, isS speci-
fied. The origin of the catenary is not at the anchor, but is sone distance
below the bottom The length of the chain from anchor to buoy, S, the
tension in the nooring line at the buoy, T, and the horizontal distance from
the anchor to the surface, X, are desired. Procedures for determning these
val ues are presented in Figure 73.

(c) Case Il11. The known variables are the horizontal distance
fromthe anchor to the buoy, x,, the water depth, wd, the horizontal |oad,
H, and the submerged unit weight of the chain, w. This situation arises when
it is necessary to limt the horizontal distance from buoy to anchor due to
space limtations. The length of chain from anchor to buoy, S,, the tension
in the mooring line at the buoy, T, and the vertical load at the anchor, V ,
are required. Procedures for determining these values are outlined in Fig-*
ure 74.

(d) Case IV. The known variables are the water depth, wd, the
horizontal |oad, H, the submerged unit weight of the chain, w, the angle at
the anchor, q,, the sinker weight, W, the unit weight of the sinker, § .
the unit weight of water, » and the length of chain from anchor to sinker,
S . , The nooring consists of a chain of constant unit weight with a sinker
attached to it. The total length of chain, S_ the distance of the top of
the sinker off the bottom y , and the tension the nooring line at the
buoy, T.,, are desired. solution to this problemis outlined in Figure 75

(e) Case V. The known variables are the water depth, wd, the
hori zontal |oad on the chain, H the subnmerged unit weight of the chain, w,
and the length of chain from anchor to buoy, S,. The horizontal load, H is
sufficiently large to lift the entire chain off the bottom resulting in an
unknown vertical load at the anchor, V. This situation arises when one is

a

conputing points on a |oad-deflection curve for higher values of |oad.

Solution involves determning the vertical [oad at the anchor, V ,
using the trial-and-error procedure presented in Figure 76. The problemis
solved efficiently using a Newt on-Raphson iteration method (Gerald, 1980);
this method gives accurate solutions in two or three iterations, provided the
initial estimate is close to the final answer.

c. Selection of Anchor.

(1) Selection Procedure. [Ibis section provides procedures for
selecting and sizing drag anchors for fleet moorings. Procedures for select-
ing pile, deadweight , and direct-enmbednent anchors are not included, but may
be found in the Handbook of Marine Geotechnol ogy (NCEL, 1983a).
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The procedure for selecting and sizing drag anchors is outlined in
Figure 77. The anchor hol ding capacity, burial depth, and drag distance nust
be determined. The procedure allows the designer to size and select drag
anchors in both sand and nud. Methods for sizing and selecting nultiple-
anchor arrangements for Stockless anchors are also provided. The follow ng
procedures have been adapted from NCEL Techdata Sheets 83-05, 83-08, and 83-
09 (NCEL, 1983b, 1983c, 1983d).

(a) Determine required holding capacity. The required hol ding
capacity is determned from Subsection 5.6. The required holding capacity
used in anchor selection should be the maximum horizontal nooring-line |oad
determ ned in Subsection 5.6.

(b) Determne seafloor type and sediment depth. In general
the soil type, soil depth, and variation of soil type over the mooring area
are required for selecting and sizing drag anchors. Information on soils-

i nvestigation requirements for anchor design nmay be found in the Handbook

of Marine Ceotechnol ogy (NCEL, 1983a) . The soil types encountered in nost
mooring designs may be classified as either mud or sand; these soil classi-
fications are described in Table 4 of Section 3. Soil depth is an inportant
consi deration because there nust be sufficient soil depth for anchor enbed-
ment. Extrene variation in soil type within the anchor drag di stance nay
result in poor anchor performnce.

(c) Select anchor type and size. A suitable anchor mnust be
chosen. Mbst fleet noorings use either a Stockless or a Stato anchor because
there is considerable Navy experience with these anchor types, they are
currently in large supply, and they have been tested extensively by NCEL
Furthernore, Stockless and Stato anchors can be used to satisfy the required
capacity of the standard fleet moorings for nost conditions.

Several nodifications to the Stockless and Stato anchors are recommended
based on the results of extensive testing. Stabilizer bars should be added
to the Stockless anchors for use in all soil types. The flukes of Stockless
and Stato anchors should be fixed fully open in nud seafloors to assure fluke
tripping. For sand, stiff clay, or hard seafloors, the flukes should be
restricted to 35 + 2 degrees. The flukes of a Stato anchor should be 50 + 2
degrees for a nmud seafloor and 29 + 1 degrees for a sand, stiff clay, or hard
seafloor. Stabilizers should also be added to the Stato anchor and the
l ength shoul d be adjusted according to the recormendations presented in
Tabl e 17.

There is a large variety of commercially available drag anchors. Sone
of these anchors are presented in Figure 14 of Section 3. These anchors have
not been tested as extensively as the Stockless or Stato anchors; they should
be considered only if Stockless or Stato anchors are not avail able.

Once the anchor type has been selected, the anchor size (weight) is
chosen to satisfy the required hol ding capacity. The maxi num and recommended
saf e anchor hol ding capacities of Stockless and Stato anchors are determ ned
by multiplying the efficiencies found in Table 18 by the weight of the
anchor. Table 19 presents the mninmum Stato and Stockl ess anchor sizes in
mud, sand, or hard soil for each of the standard fleet-nmooring classifica-
tions. The recomrended safe anchor efficiencies were deternmined using a
factor of safety of 1.5 for the Stockless and 2 for the State.
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TABLE 17
Recomended Stabilizer Characteristics for Stato Anchor

COveral | Anchor Wdth Stabilizer Length
(i nches) (inches)

Anchor Size
(pounds) ad New ad New
3,000 . . .. 109 139 34 49
6,000 . . . . 143 175 44 60
9,000 . . . . 170 200 54 69
12,000 . . . . 197 221 64 76
15,000 . . . . 224 236 74 80

(AFTER NCEL, 1983d)

TABLE 18, ,, .,
Maxi mum and Safe Efficiencies for Navy Stockless
and Stato Anchors with Chain Moring Line

St ockl ess

Seaf | oor (stabilized) Stato
Sand

Miximum . . . . . 6 23

Safe . . . . . . 4 11-1/2
Mu d*

Maximm. . . . . 4 20

Safe . . . . .. 2-3/4 10
Har d Soi |

Maximm. . . . . 4-1/2 18

Safe . . . . .. 3 9

1Anchor hol di ng capacity = anchor weight tines efficiency

Efficiencies include the effect of the buried part of the chain
mooring line.

Ef ficiencies based on capacity of 15,000-pound Stato and Stockless
anchors.

Can conservatively include clay-seafloor performance in this category.

3

(AFTER NCEL, 1983d)
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TABLE 19
M ni num Si ngl e- Anchor Size for Fleet Morings'

Anchor Size (kips)
Moori ng Stato St ockl ess
Capacity Har d Har d

d ass (ki ps) Mud Sand soi | Mid Sand SO

A 150 15 12

B 125 12 12 15 - - 30

c 100 12 9 12 -- 25

D 75 9 6 9 30 20 25

E 50 6 6 6 18 13 16

F 25 3 3 3 9 7 8

G 5 -- - o 1.8 1.2 1.8

1Anchor hol di ng capacity = anchor weight times efficiency
(AFTER NCEL, 1983d)

Figures 78 and 79 provide nmaxi num hol di ng capacity versus anchor weight
for several anchor types for sand and clay/silt bottoms, respectively. The
required maxi num hol di ng capacity, H, is determned by applying a factor of
safety to the horizontal l|oad, H

H=FS H (5-100)
WHERE: H,= maxi mum hol ding capacity

FS = factor of safety (FS = 1.5 for Stockless anchors and
FS = 2 for Stato and ot her high-efficiency anchors)

H = horizontal |oad on nooring chain (determned in
Subsection 5. 6)

When H,and the anchor type are known, Figures 78 and 79 provide the
required anchor weight (in air) for sand and clay/silt bottoms, respectively.

(d) Determ ne required sedi ment depth. Anchor hol di ng capac-
ities determned fromthe above procedures assune there is a sufficient
depth of soil to allow for anchor penetration. However, at some sites there
may be a limted layer of soil overlying a hard strata such as coral or rock
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The soil-depth requirements for the Stockless and Stato anchors are presented
in Figure 80. This figure provides soil-depth requirenents for mud, sand,
and hard soil. The maxinum fluke-tip penetration for various types of
anchors in sand and mud is sunmarized in Table 20.

TABLE 20
Estimat ed Maxi num Fl uke-Tip Penetration of Sone Drag-Anchor Types
in Sands and Soft Clayey Silts (Mid)

Nor mal i zed
Fl uke-Tip Penetration
(fluke |engths)

Anchor Type Sands/ Stiff O ays | Mud
St ockl ess 1 3?
Mbor f ast
offdrill Il L 4
Stato
Stevfix
Flipper Delta
Boss 1 4-1/2
Danforth
LW
GS (type 2)

Bruce Twi n Shank
Hook 1 6

‘For exanple, soft silts and clays
Fi xed-fl uke Stockless
(AFTER NCEL, 1983c)

If the depth of sedinent is |ess than that determned fromthe above
procedures, then the anchor capacity nust be reduced. The procedure below is
recommended for mud and sand. (For hard seafloors, consult NCEL.) Determ ne
the reduced anchor capacity due to insufficient sediment depth using the
fol l owi ng equation:

H' @ =f H (5-101)
WHERE :  H' = reduced anchor capacity due to insufficient sedinent

f = a factor to correct anchor capacity
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WA T anchor capacity

The correction factor, f, is determned using the follow ng equations for
mud and sand, respectively:

_ actual nud depth
f(mud) “required nmud depth (Figure 80 or Table 20) (5-102)
actual sand depth (5-103)
f(sand) "required sand depth (Figure 80 or Table 20)

WHERE :  f (nud) a factor to correct anchor capacity in mud

f (sand)

a factor to correct anchor capacity in sand

(e) Determine anchor drag distance. In general, anchor
hol ding capacity increases with drag distance. However, for many fleet-
mooring applications, anchor drag distance nust be limted (50 feet of drag
is reconmended as a maximun). Anchor drag distances in sand for the Stockless
and Stato anchors are deternmined fromFigure 81, which presents a plot of the
percent of maximum capacity (ordinate) versus the normalized drag distance
(absci ssa)

Drag distances for factors of safety of 1.5 (for the Stockless) and 2
(for the State) are indicated in Figure 81. The anchor drag distances for the
various comercially available anchors is estimated to be about 3-1/2 to 4
fluke lengths, corresponding to a factor of safety of 2.

Anchor drag distances in nud can be determned from Figure 82. The drag
di stances for the Stockless (factor of safety of 1.5) and Stato (factor of
safety of 2) anchors are indicated in the figure. Figure 83 provides anchor
drag distance for various conmercially available anchors.

(2) Miltiple-Anchor Arrangenents. Increased hol ding capacity can
be achi eved by using conbinations of anchors in fleet-nooring ground |egs.
The methods for using multiple anchors described below are limted to
arrangements of Stockless anchors.

Tabl e 21 summarizes five options for arranging anchors on fleet-nooring
ground legs. This table also provides the hol ding capacities, operationa
characteristics, and operational guidelines for each of the nethods. The
hol ding capacities are given for nmud, sand, and hard soil. The factor of
safety used to determne the safe hol ding capacity was 1.5 for nud and sand
and 2 for hard soils. The higher factor of safety for hard soils results
fromuncertainty associated with the performance of the rear anchor should 1t
pass through soil disturbed by the front anchor

Tabl e 22 sunmarizes the m ni mum Stockless anchor, for each of the
standard fleet-mooring classifications, for the five multiple-anchor options
presented in Table 21. Table 22 gives reconmendations for nud, sand, and
hard soi |
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Options 3 and 5 from Table 22 consist of two anchors secured to the same
nmooring chain. This requires a special connection, which is summarized in
Figure 84. The padeye shown on the top of the anchor crown nust be designed

to resist nine tines the anchor weight.

8. METRI C EQUI VALENCE CHART. The followi ng netric equival ents were devel oped
in accordance with ASTM E-621. These units are listed in the sequence in

whi ch they appear in the text of Section 5. Conversions are approxinate

33.33 feet = 10 neters
1 mle = 1.61 kiloneters
60 mles per hour = 96.6 kilometers per hour
10 miles = 16.1 kilometers

0. 00237 slugs per cubic foot 0.00122 gram per cubic centimeter
2 slugs per cubic foot = 1.031 grans, per cubic centineter
1.4 x 10-° square fegt per second = 1.3 x 104_ square neters per second
107f oot - pounds = 1,4 x 10 “;kilogramneters
10 f oot - pounds 1.4 x 10 kilogramneters

100 feet = 30.5 neters
1/4 inch = 0.64 centineter
50 feet = 15.2 neters
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FI GURE 82

Nor mal i zed Hol ding Capacity Versus Normalized Drag Distance in Mud
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PERCENT OF MAXIMUM CAPACITY
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FI GURE 83
Percent Hol ding Capacity Versus Drag Distance in Mid
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TABLE 21
Navy Fleet-Mooring Ground-Leg Options

Anchor-Leg Holding Capacity

2. Capacity includes effects of buried chain.
3. If anchors are used vith vire in sand, decresse capacity by 25 percent.

2 Py

o micd natoaancue

&. Can conservatively tnclude clay in aud category.
5. Safe capacities include factors of safety and appropriate reduction factors defined in text,

Mud Sand Hard Soil Operationsl Onerational
Ground-leg Option Max. | Safe Mx.TSlfo Max. | Safe Charscteristics Guidelines
{oeuon 1: . L] 2%“ (] & h%u k. Simplest instailation. Add stabiiizers.
 ISingle chain--single enchor Recovery can be s problem for Fix flukes fully open (48° fluke angle)
g large . deeply buried anchors for mud.
X in mud. Restrict fluke angle to 35° $2° maximum
:‘ B for sand or hard soil.
3 m._a May be necessary to fix flukes at speci-
» fied angle to ensure fluke tripping in
?i‘ hard soil.
2 3 1 1
Option 2: N 22 L . Simple tnstallation. Same guidelines as those for Option 1.
2 Hi%‘:l;'_é-;ga—_—g‘.ﬂi{g sacher 4 SI-H 37" (‘-r: needed to ensure nroper !ixin; flukes at specified e!e::e for all
3 anchor location during instal- seafloors would minimize drag distance
2 A lation. and maximnize probability of proper
o Potential for anchor interfer- anchor embedment before the anchors come
» ‘—...ﬁ ence and reduced capacity in together.
=1 sand/hard sofila during dras.
Option 3: o~ 2~;-H o (4] b%u 2%“ More complex installation, but Use fluke angle per Option | guidelines.
Single chatn--twin sanchor demonstrated as fessible. Pluke must be fixed at proper fluke
(crown to shackle Variety of rigging methods pos~ angle for crown-shackie connectfon.
coansction) sible; attachwent of rear Chain length between anchors should be
anchor chain to crown of for- greater than the water depth to enable
vard anchor is recommended for individual anchor placement.
the Stocklese anchor. Rear anchor should be aqual ta or
f_." {“ Reduces nusber of mooring legs smaller than the inboard anchor to
b and overall installation time. ensure peak rear-anchor performance,
o Potential for using additional except in hard soil (see text for
& anchors in tandem. hard-soil guidelines).
w Raar—anchor capacity in eand
* may be substantially greater
Ej than single-anchor capacity.
S Option &: L 2%0 6w & b%ll 2;:4‘ Simple installation. Same guidelinea sa those for Option 1.
+ |Tvin chain-—single anchor Anchor spacing preveats sachor Minimum anchor separation is two fluke
3 (staggered) interference. lengths for optimum performance.
"lznl'_ Performance in mud constdecred
A 9!}?2!".9!‘ ta that for Option 2.
‘-‘:’,”'a | Rear-snchor capacity same a8
that for Option 3.
=
Option 3: L) 2%" o [ b%u Zéu More complex installatton, but Same guidelines as those for Option 3.
Twin chain~--twin anchor feasibility dewonstrated.
(staggered) ,\.\" Potential for satiefying very
large fleet-mooring require~
admmbe — o
*“-'f [ _{{1% XY
NOTES: 1. W = total weight of anchors; does not include weight of chain between anchors; L = fluke length

(NCEL, 1981b)




TABLE 22

Requi red M ninum Stockl ess Anchor Size for Navy Fleet Morings

Anchor Size (x 1000 pounds)

3. Single Chai n—
) . Twi n_Anchor
G ound- Leg 1. Single Chain—|2. Tw n Chai n— or 5. Twin Chain-
Option . . ... .. .. Singl e Anchor Single Anchor] 4. Twin Chain- Twin Anchor
Singl e Anchor (Staggered)
(Staggered)

Mooring | Flooring Mud Bard Hard | Mud Hard | Mud Har d
Oass | capacity Sand | ooif [mud | sand | soil Sand | g Sand | oo |

AAA 500K 30

( PROPOSED)
BBB 350K 22.5
( PROPOSED)

AA 300K 30 20

BB 250K 30 22.5 30

cc 200K 30 25 18 22.5

DD 175K 25 22.5 18 20

A 150K 30 22.5 30 30 20 18

B 125K 30 22.5 25 22.5 30

c 100K 25 18 20 18 22.5

D 75K 30 20 25

E 50K 18 13 16

F 25K 9 7 8

G 5K 1.8 1.2 1.8

Assunptions for | above anchor weights:
1 Stockless | anchor is stabilized.

2. Fluke angle is 35 degrees in sand/hard soil and 48 degrees in nud.
3. Flukes fixed open for Options 1 through 5 for nud; 3 | nd 5 for sand/hard soil.
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35°-SAND, STIFF CLAY, HARD SOoILs
48°-SOFT SOILS (FIXED FULLY OPEN
FOR SOFT SOILS)

(AFTER NCEL, 1983b)

FI GURE 84

Recommended Twi n- Anchor Rigging Method
(For Options 3 and 5 of Tables 21 and 22)
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Section 6. EXAMPLE PROBLEMS

EXAVPLE PROBLEM 1:  FREE- SW NG NG MOCORI NG

G ven: a. Single-point nooring for a DD 940.
b. The bottommaterial is sand. The depth of the sand layer is
60 feet. Stockless anchors will be used.
c. The water depth at the site is 35 feet mean | ower |ow water
(MLW .
d. The tide range from MLLWto mean hi gher high water (MHHW is
6 feet.
e. Wnd data for the site are given in Table 23.
f. Currents are due to tides. The maximum flood-current speed, V,
is 2 knots ( g = 15°) and the nmaximum ebb-current speed, V, is
2 knots ( q.="195°).
Fi nd: Design the mooring for wind and current | oads.
Solution: 1. Determ ne Vessel Characteristics for DD 940 from DM 26. 6,
Tabl e 2:

Overall length, L = 418 feet
VWaterline length, L,= 407 feet

W

Beam (breadth at the |oaded waterline), B = 45 feet

Fully | oaded draft, T = 16 feet

Light-loaded draft T = 12.5 feet

Fully | oaded displacement, D = 4,140 long tons

Li ght-1 oaded displacenent, D = 2,800 long tons

Fully loaded broadside wind area, A= 13,050 square feet
Li ght -1 oaded broadside wind area, A= 14,450 square feet
Fully loaded frontal wind area, A = 2,100 square feet
Light-loaded frontal wind area, A = 2,250 square feet

2.

3.

Mooring Configuration: single-point mooring

Eval uat e Environnental Conditions:

a. Seafloor Soil Conditions:

(1) Bottom material is sand.
(2) Soil depth is 60 feet.
(3) Soil material is uniform over nooring area.

b. Design Water Depth:

(1) Water depth at lowtide, wd ,,,.= 35 feet

(2) water depth at high tide wd ,, .= 35 + 6
= 41 feet
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EXAVPLE PROBLEM 1 (Continued)

TABLE 23
Wnd Data for Site
W ndspeed
(mles per hour)

Y ear N NE E SE S SW w N W
1950 . . . . 38.4 41.6 57.6 30.4 48 39.2 28.8 22. 4
1951 . . . . 25.6 33.6 22. 4 27.2 32.8 31.2 30.4 24
1952 . . . . 44.8 32 26. 4 36.8 31.2 31.2 32.8 33.6
1953 . . . . 36 35.2 33.6 25.6 36.8 41.6 25.6 24
1954 . . . . 28 28 29.6 21.6 36.8 28 35.2 25.6
1955 . . . . 25.6 36.8 28.8 24.8 24.8 28.8 33.6 25.6
1956 . . . . 29.6 29.6 30.4 35.2 39.2 28 26. 4 28.8
1957 . . . . 24.8 28 28.8 32 36.8 21.6 27.2 22. 4
1958 . . . . 22.4 31.2 24.8 25.6 23.2 26. 4 33.6 25.6
1959 . . . . 27.2 28.8 21.6 25.6 30.4 29.6 27.2 23.2
1960 . . . . 28 36.8 32.8 24 26. 4 32.8 31.2 27.2
1961 . . . . 32.8 28 27.2 31.2 26. 4 38. 4 35.2 25.6
1962 . . . . 28 33.6 43.2 31.2 22. 4 33.6 32 28.8
1963 . . . . 49.6 41.6 36 32 22. 4 24.8 40 41.6
1964 . . . . 65.6 38.4 62.4 36 38.4 32.8 34.4 30.4
1965 . . . . 28.8 36 45. 6 28.8 31.2 33.6 38.4 36
1966 . . . . 24 32 38.4 28.8 29.6 31.2 29.6 28
1967 . . . . 22.4 60.8 28 23.2 24 31.2 27.2 37.6
1968 . . . . 41.6 32.8 25.6 31.2 26. 4 36.8 27.2 25.6
1969 . . . . 46.4 41.6 24.8 22.4 28 29.6 28 32
1970 . . . . 28 28 31.2 35.2 31.2 27.2 29.6 28.8
1971 . . . . 21.6 29.7 19.8 3L.5 25.2 39.6 30.6 42.3
1972 . . . . 22.5 27 35.1 28.8 27.9 34.2 27.9 39.6
1973 . . . . 24.3 38.7 36.9 24.3 23.4 31.5 43.2 30.6
1974 . . . . 22.5 31.5 21.6 39.6 30.6 30.6 30.6 30.6
1975 . . . . 55.8 24.3 21.6 24.3 24.3 48. 6 3L.5 30.6
1976 . . . . 23.4 26.1 18 24.3 26.1 36 37.8 37.8
1977 . . . . 23.4 23. 4 19. 8 23.4 18.9 27.9 29.7 25.2
1978 . . . . 22.5 22.5 17.1 21.6 26.1 35.1 30.6 34.2
1979 . . . . 28.8 31.5 22.5 26.1 24.3 27.9 28.8 28.8

"W ndspeeds were collected over water at an elevation of 43 feet.
W ndspeeds are peak-gust val ues.
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EXAMPLE PROBLEM 1 (Conti nued)

c. Design Wnd:

(1) Qotain Wnd Data: Wnd data obtained for the site
are presented in Table 23. Note that directional data
are available and directional probability may be deter-
m ned accurately.

(2) Correct for Elevation:

y 17
EQ (5-1) 3333 = Vh (33[-1_33)
v Vo (33.33 ) U7

33.33 = 43 43 = 0.964 V,; use 0.96 V,

Therefore, elevation correction factor = 0.96

(3) Correct for Duration: The recorded w ndspeeds are
peak- gust val ues; reduce the wi ndspeeds by 10 percent to
obtain the 30-second wi ndspeeds. Therefore, duration
correction factor = 0.90.

(4) Correct for Overland-Overwater Effects: Data were
col l ected over water; therefore, no correction is neces-
sary.

THEREFORE: Total correction factor = (0.9)(0.96) = 0.864
Mil tiply each value in Table 23 by 0.864 to obtain the
30-second wi ndspeed at 33.33 feet above the water surface.
The results are shown in Table 24.

(5) Determine Wndspeed Probability:

(a) Deternmine mean value, X, and standard
deviation, s, for each wi ndspeed direction:

- 1 f‘_:
EQ (5-4) X == x
Nyt
; ¥ _ 2
EQ (5-5) C=5g-T = (x, - ®
i=1

These-val ues are tabulated in Table 24. Note
that x and s can be cal cul ated with nost hand-
hel d cal cul ators.

(b) Use Gunbel distribution to determ ne design
wi ndspeed for each direction:
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EXAVPLE _PROBLEM 1 (Continued)

TABLE 24
Adjusted Wnd Data for Site
W ndspeed
(mles per hour)

Year N NE E SE S SW W N W7
1950 . . . . 33.2 35.9 49. 8 26.3 41.5 33.9 24.9 19. 4
1951 . . . . 22.1 29 19.4 23.5 28.3 27 26.3 20.7
1952 . . . . 38.7 27.7 22.8 31.8 27 27 28.3 29
1953 . . . . 3L.1 30.4 29 22.1 31.8 35.9 22.1 20.7
1954 . . . . 24.2 24.2 25.6 18.7 31.8 24.2 30.4 22.1
1955 . . . . 22.1 31.8 24.9 21. 4 21. 4 24.9 29 22.1
1956 . . . . 25.6 25.6 26.3 30. 4 33.9 24.2 22.8 24.9
1957 . . . . 21.4 24.2 24.9 27.7 31.8 18.7 23.5 19.4
1958 . . . . 19.4 27 21. 4 22.1 20 22.8 29 22.1
1959 . . . . 23.5 24.9 18.7 22.1 26.3 25.6 23.5 20
1960 . 24.2 31.8 28.3 20.7 22.8 28.3 27 23.5
1961 . . . . 28.3 24.2 23.5 27 22.8 33.2 30.4 22.1
1962 . . . . 24.2 29 37.3 27 19.4 29 27.7 24.9
1963 . . . . 42.9 35.9 31.1 27.7 19.4 21. 4 34.6 35.9
1964 . . . . 56.7 33.2 53.9 31.1 33.2 28.3 29.7 26.3
1965 . . . . 24.9 31.1 39.4 24.9 27 29 33.2 31.1
1966 . . . . 20.7 27.7 33.2 24.9 25.6 27 25.6 24.2
1967 . . . . 19.4 52.5 24.2 20 20.7 27 23.5 32.5
1968 . . . . 35.9 28.3 22.1 27 22.8 31.8 23.5 22.1
1969 . . . . 40.1 35.9 21.4 19.4 24.2 25.6 24. 2 27.6
1970 . . . . 24.2 24.2 27 30.4 27 23.5 25.6 24.9
1971 . . . . 18.7 25.7 17.1 27.2 21.8 34.2 26. 4 36.5
1972 . . . . 19.4 23.3 30.3 24.9 24.1 29.6 24.1 34.2
1973 . . . . 21 33.4 31.9 21 20.2 27.2 37.3 26. 4
1974 . . . . 19.4 27.2 18.7 34.2 26.4 26. 4 26. 4 26.4
1975 . . . . 48.2 2 18.7 21 21 42 27.2 26.4
1976 . . . . 20.2 22.6 15.6 21 22.6 31.1 32.7 32.7
1977 .. . 20.2 20. 2 17.1 20.2 16.3 24.1 25.7 21.8
1978 . . . . 19.4 19. 4 14.8 18.7 22.6 30.3 26. 4 29.5
1979 . . . . 24.9 27.2 19.4 22.6 21 24.1 24.9 24.9
X 27.14  28.48 26.26 24.57 25.16 27.91  27.2 25.81
s 9.63 6. 32 9.31 4.26 5.48 4.76 3.7 4.91
a 0.133 0.2028 0.138 0.301 0.234 0.2693 0.347 0.261
u 22.8 25.63 22.08 22.65 22.69 25.77  25.5 23.6
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EXAMPLE PROBLEM 1 (Cont i nued)

(i) Conpute Qunbel paraneters aand u for
each direction:

1. 282
a

EQ (5-8) u=x _£L_§ZZ

EQ (5-7) a =

For exanple, for north:

1982
a = &2 -y
0.577
=27. 14- -
! 0.133 228

These values are presented in Table 24 for
each direction.

(ii) Conpute V.for 25- and 50-year return
periods for each direction. Plot results on
Gunbel paper. (Note: So-year return period is
used for design.) Use Equation (5-6):

inf- in[1l- P(X>X])
a

EQ (5-6) Ve= U -
For exanple, for north:

From Table 11, for a return period of 25 years,
P(X>X) = 0.04, and, for a return period of 50
years, P(X > X) = 0.02.

. V _ in [-in(1- 0.04)1
THEN 25 22.8 - 0. 133
V +_ 3.2
25=22.8 0.133
V _ R
o5 = 46.9 mles per hour
. vV o _ n [- in (1 - 0.02)]
AND: 50 228 - 0. 133
\Y; 3.9
50 = 22.8 "0.133
V _ R
50 ° 52.1 mles per hour

These values, plotted in Figure 85, are
presented in Table 25.

d. Design Current: The design currents are due to tides.

(1) Flood current = 2 knots toward 1950 true north
(g.=15°)
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PROBABILITY OF EXCEEDENCE

0.001 / 000
©, ‘xy
0.002 < > 500
2 / W
0.005 4 ALt ] 200
/ <
0.0 7 v 100
002 Z 50
0.03 o ~ -
o5t = A 52 2
' 7
// AJ
0.10 ] 10
A j /
0.15 7
0.20 5
0.30
0.40
0.50 2
0.60
0.70
0.80
0.90
095
0.99
10

20 30 40 - 80 60

30-SECOND: WINDSPEED, IN MILES PER HOUR

RETURN PERIOD, IN YEARS

FI GURE 85
Plot of V.for Each Direction (Exanple Problem 1)




EXAVPLE PROBLEM 1 (Conti nued)

TABLE 25
\% \%
25 and 50
v v
_ _ . 25 . 50 50
Direction (mles per hour) (mles per hour) (feet per second)
N 46.9 52.1 76. 4
NE 41.4 44.9 65. 8
E 45. 3 50. 3 73.7
SE 33.3 35.6 52.2
S 36. 4 39.4 57.8
SW 37.7 40. 2 58.9
w 26.6 36.7 53.8
NW 35.9 38.5 56. 4

Note: 1.467 feet per second = 1 mle per hour

(2) Ebb current = 2 knots toward 15° true north
(q,=195°)

4,  Evaluate Environnental Loads: For the purposes of this
example, only the fully | oaded case will be anal yzed.

a. Wnd Load:

(1) Lateral Wnd Load: Find F,

1
EQ (5-11) Fow ™ Z/Pa vw y Cow Egwl®)

/2a " 0.00237 slugs per cubic foot

Ay: 13, 050 square feet

2
vS VH
EQ (5-12) Cy, = 0.92 (V—) AS+(T Ag|/a,

R
EQ (5-13) (—)
1/7
EQ (5-14) V—H (—)

= 33.33 feet

Assune h = 35 feet and h ,= 10 feet:
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EXAMPLE PROBLEM 1 (Conti nued)

THEN

AND :

THEN

AND :

EQ (5-15)

THEREFORE

EQ (5-16)

EQ (5-19)
EQ (5-22)

EQ (5-26)

<|

I:n

<

AsSsune:

Ay 20.45 A=

A
H=0.55A =

¢ 09 [

33.33 :
( 1/7

= 0.84

(0.45)(13,050) = 5,873 square feet

(0. 55) (13, 050)

01)%(5.873) + (0 84)7 177)]

yw

CyM/: 0.78

= 1 (0.00237)
Z

+ (;ine -
W

13, 050

V,,  (13,050) (O .78) f,.( q.)

sin59 )
w
50

fyw(gw> =

Fow = 12.06 V' .

This equation is used to determne Fy for

L
20

q.)

1 -

eval uating | oads on nooring el enents

(2) Longitudi na

Wnd Load. Find F.

1 2

wag-i a w AX

CID)

c
W XW W

/K; = 0.00237 slugs per cubic foot

Ax = 2,100 feet

For destroyers, C,= 0.70

X

CXWS = 0.80

= 7,177 square feet

(6-1)

V,and q,in

For vessels with distributed superstructures:

- (sinU -

fxw(ew) =

sin58 )
10
1

1-1%
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EXAMPLE PROBLEM 1 (Continued)

EQ. (5-27)

EQ (5-28)

THEN :

AND :

THEN :

THEREFORE:

EQ (5-29)

THEN :
THEREFCRE :

0 _+ 90° for 9'<9

t Bl

for 8 >0 _

For warships, q,~ |10 degrees:

(110)9 + 90 0829 + 90

90° o _ £90°)(110°)
besy = (180 110)e + 180° - 1557 —110°

=1.29 8 + 38.6
w

1
Fyw =72 (0.00237) 1V, (2,100) C,f.( q.)

FXW= 2 49 V Cxwfxw( qW) (6'2)

This equation is used to determine F for V ,C,(C.
or C,, and q,in evaluating |oads on mooring elenents.

(3) Wnd Yaw Monent. Fi nd N&(yvv'

1 2
2 /oa Vw Ay L nyw(gw)
/oa = 0.00237 slugs per |

A
y

L

13, 050 square feet

418 feet

c.( q,) is found in Figure 55.

Myw™ %(o. 00237) V. (13,050) (418) C..( q.)
Myw = 6464 \,' C.( a.) (6-3)

This equation is used to determne Mxyw for V,and q,in
eval uating loads on nooring elenents:
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EXAMPLE PROBLEM 1 (Conti nued)

b. Current Load:

(1) Lateral CQurrent Load. Find F_:

1 2
EQ (5-35) ch = ffow VUL T Cyc sin®
/Ow = 2 slugs per cubic foot

V.= (2 knots)(1.69 feet per second)
Knot
= 3.38 feet per second

LmL = 407 feet
T =16 feet (fully |oaded)
d
-k G=- 1)
EQ (5-36) Ce = Sreloo * Cyeli - CYclco) e T
Find |  from Figure 56 for é and L _/B:
yeloo © L wL
; 35 D
EQ (5-37 Ar—
Q (5-37) L.B T
D = 4,140 long tons

vs]
1

45 feet

(35) (4, 140)
f = T407) (45) (16) 0.49

L./ B = 407/45 = 9.04

THEN : C = 0.4

yclo@

i i L T:
Fi nd CyCI1 fromFigure 57 for G, wLA/

From Table 14, use C = 0.539 for DP-692
Cp LwL/"T = (0.539)(407)/ /16 = 54.8

THEN Cye |1

Find k fromFigure 58 for f
hul | :

= 3.3

= 0.49 for a ship-shaped

k =0.75

wd = 35 feet

For fully |oaded condition:

26. 5-169



EXAVMPLE PROBLEM 1 (Conti nued)

THEN :

TEEN :

THEREFCRE :

EQ (5-40)

EQ (5-41)

THEN:

EQ (5-42)

EQ (5-44)

EQ (5-45)

THEN

w355 19

T 16

C=0.4+(3.3- 0.4 (0.75)(2.19 - 1)

Cyc = 1.59

Fue :%(2)(3- 38)(407)(16)(1.59) sin q,

FyC = 118,289 sin dc

thisequation is used to determ ne ch for g.in

eval uating | oads on nooring el enents:

(2) Longitudinal Current Load. Find F_:

= . ) +
Fxc Fx form+ Fx friction Fx prop

1 2
Fx form = ‘f/aw Vc BT Cxcb cosOc

/ow = 2 slugs per cubic foot

Vb= 3.38 feet per second
B = 45 feet
T = 16 feet

C =0.1

Xch

1 2
Fy form= - —5t2)(3.38)%(45)(16)(0.1) Cos q.

Foform = - 822.6 OO q,

1 2
Fe friction = ~ 2 /Pw Ve Cxca S €088,

/ow = 2 slugs per cubic foot
v§3.38 feet per second

Cyca - 0.075/(log R - 2)

R =V Lo cosOc/ﬂ'

LML = 407 feet
]) = 1.4 x 10-° square feet per second

Rh= (3.38)(407) cos qc/(1.4 x 107)

26.5-170



EXAMPLE PROBLEM 1 (Continued)
R = 9.8261 x 10'cos (q,

THEN

EQ (5-43)

THEN

THEN :

EQ (5-46)

EQ (5-47)

EQ (5-48)

TEEN :

THEN :

THEN :

Cxca

0.075

S =(107 TL,) + (35 DT
D = 4,140 long tons

S=[(L7)(16)(407)] + [

[log (9.826 x 10'ccs q,) - 2]°

(35) (4, 140)
16 |

= 20, 127 square feet

I:x friction

20,127) cosBc

{' 0.075
T1as 0 2761 w 1n7 cnel ) -712
Lll.us \JeU&LUL & xV WSV “ J
17,246 cos (.
F oo = -
xfriction [log (9.8261 x 10'cos q) -2]°
1 2
X prop Y A vc Ap Cprop coch
/ow = 2 slugs per cubic foot
vV, = 3.38 feet per second
A = PP
»~ 0.838
by B
Tpp ‘R
From Table 15 for destroyers, 'R =100:
_(407)(45) _ f
T pp 00 183 square feet
- 183
A = 1%
o 838218 square feet
Cprop =1
-1 2
FX prop = 3 (2)(3.38)7(218)(1) cos q,.
FX or op = - 2,490.5 cos q.
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EXAMPLE PROBLEM 1 ( Conti nued)

THEN

THEREFORE :

EQ (5-49)

THEREFCORE :

17,246 cos q,
F.. = - 822.6 cos q,-
XC [1og (9.8261 x 10" cos qc) -2]°
- 2,490.5 cos q)
F =-c0sq {822.6 + o
Xc : [log (9.8261 x10'cos q)
+ 2,490. 5) (6-5)

This equation is used to determine F.for g .in evalu-
sting loads on nooring el ements.

(3) Current Yaw Monent. Find M,.:

e

C
= F — L
Wyc yc (LwL) wL

e
L—c—)is found in Figure 59 as a function of q,

wL
and vessel type:

e
- < 6-6
Mxyc F ye Lﬂ) (405) (6-6)

This equation is used to deternine My, for gq.in evaluat-
ing |oads on nooring el enents.

5. Evaluate Loads on Moring El enments: Directions and velocities
for wind and currents are sunmarized in Tabl e 26.

The maxi num si ngl e-point mooring |oads were determned for the

ei ght | oading conditions designated in Table 27, using the pro-
cedures outlined in Figure 65. An exanple of the maxinum|oad for
Oue = 165 degrees is given bel ow.

For exanple, for q, = 165° and ebb current: V,= 76.4 feet per
second and V,= 3.38 feet per second

a. First Try:

Note: the procedure for deternining the maxinum horizontal
| oad does nut require computation of F, until the
equi librium q_ has been determ ned.

(1) From Figure 65, q,=q,/2 = 165°/2 = 82.5°
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EXAMPLE PROBLEM 1 (Conti nued)

TABLE 26

Wnd and Current Val ues
Used to Determ ne Mooring Loads

Fl ood Current Ebb Current
q e Vo qwc Ve
Direction (degrees) | (feet per second) | (degrees) | (feet per second)
N 15* 76. 4 165* 3.38
NE 30* 65. 8 150* 3.38
E 5% 73.7 105* 3.38
SE 120 52.2 60 3.38
S 165 57.8 15 3.38
SW 150 58.9 30 3.38
wW 105 53.8 75 3.38
NW 60* 56. 4 120* 3.38

Note: Al g angles are defined between O and 180 degrees. This eases
comput ations and avoi ds repeating unnecessary calculations. In
the above table, there are only eight unique g, angles anong 16

| oadi ng conditions;

therefore, those with the highest V are

chosen for analysis. These are marked with an asterisk
TABLE 27
Maxi mum Si ngl e- Poi nt Mboring Load
qc’ H,
relative to hori zont a
qwe vessel bow | oad
(degrees) (degrees) ( pounds)
15 3.75 14, 747
30 8.75 11,732
60 12.5 10, 824
75 22 18, 582
105 37.5 11,298
120 23 8, 819
150 37.5 20, 359
165 50 21, 396
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EXAMPLE PROBLEM 1 (Conti nued)

THEN : Ay = 9 - (g,= 82.5° - 165° = - 82.5°
(a) Using Equation (6-1), calculate F,(use q =
Ay = - 82.50):
FyW= 12.06 V, f,( q.)
. sin(5) (- 82.5)

f(q) " sin(- 82.5) - )

1- L

20

f.lq) =- 1.00

= (12.06) (76.4)2(- 1.00) = -70,525.4 pounds

(b) Using Equation (6-4), calculate F,
(use q.= q, = 82.5°):

ch 118,289 sin q,

118,289 sin(82.5) = 117,277.0 pounds
(c) CGalculate F.:

EQ (5-63) For = Fow * F

yT yw yc

FyT = - 70,525.4 + 117,277.0 = 46, 751. 6 pounds
(d) Using Equation (6-3), calculate Mgy
(use q = q, = - 82.50):

M

XYW: 6,464 VWCX)/V\( qw)
FromFi gure 55 for q,= - 82.5°, C,( q,)-0.075

Mygw =(6,464) (76.4)%(- 0.075)
=- 2.8298 x 10°foot-pounds

(e) Using Equation (6-6), calculate M,

o ()

FromFigure 59 for q.= q, = 82.5°:
eC
— }= 0.055
LwL
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EXAMPLE PROBLEM 1 (Conti nued)

Mo = (117,277 )(0.005) (405)
y = 2.6123 x 10°f oot - pounds

(f) Calculate M,:

EQ (5-64) Moy~ Myw * Myc
MxyT = (- 2.8298 X 10° + (2.6123 X 10°
= - 2.175 x 10°f oot - pounds
I\/IxyT
EQ (5-65) (2) EM=M___+M __ -F _ ARM
xyw xyc yT
EQ (5-64 M +M = =- 2. | -
Q ( ) ow " Mye '\4<yT 2.175 x 10°f oot - pounds

ARME 0.48 LQA -

ARME (0.48)(418)

SUBSTI TUTI NG: ~ZM1 = (- 2.175 X 10°),- (46, 751.6)(0.48)(418)
= - 9.5977 X 10 foot - pounds

lot EMI versus 8, on Figure 86 for 0 _, = 82.5°

b. Second Try:
(1) From Figure 65, q.,= 0°

THEN Oy~ 929 w= 0° - 165° = - 165°
sin(- 165) - sin(5)(2-0 165)

(a) f,.L qw = T =- 0.2216

1= —

20

wa: (12.06) (76.4)2(- 0.2216) = - 15,599 pounds
(b) F.= 0O
(c) F,= - 15,599 pounds

(d) From Figure 55 for q,= - 165°, C,( qw = 0.015

2
M = 76.4 .01
g = (6:464) (76.4)£(0.015)
= 5.6595 x 10 foot-pounds
(e) M,=o
(f) M, = 5.6595 x 10°f oot - pounds
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/\_-.--- -y ¢ - oA A -e_c!
() =FIRST TRY [ = M -FOR 8¢, = 5
() = SECOND TRY : = Mz FOR 6cz = 0°
() = THIRD TRY . = M3 FOR Bc3 ?2%%33—
FI GURE 86
=M Versus Oc(ExaerI e Problem 1)
(2) iMZ = (5.6595 X 10°) - (- 15,599) (0.48) (418)
= 3.6957 x 10°foot - pounds
Plot ZMZ versus q, on Figure 86 for q.,= 0°
c. Third Try:
(1) EM, and ZMZ did change sign; therefore, from
Figure 65:
gz o T 92 =825 + @ =4125°
a 2 2
THEN - q=q.- Q) .= 41.25° - 165° = - 123.75°
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EXAVPLE PROBLEM 1 (Conti nued)

TEEN :

sin(5) (- 123.75)

Sin(- 123.75) - 20
(a) f,( g.,= 1
1-2%
= 0.9269
F = (12.06)(76.4)%(-0.9269) =- 65,244 pounds

yw
(b) F,= 118,289 sin(41.25) = 77,993 pounds

yc

(c) F,=- 65244 + 77,993 = 12,749 pounds

(d) FromFigure 55 for q,= - 123.75°,
Coyw ( G,) = 0.0145

X

M,, = (6,464) (76.4 ) £(0.0145)
= 5.4709 x 10'5 f oot - pounds

e

(e) FromFigure 59 for q,= 41.25°, ic—):0.14
wL

Mxyc = (77,993)(0.14)(405) = 4.4222 x 10°foot - pounds

(f) M, ;= (5.4709 x 10°) + (4.4222x 10°)
= 4.9693 x 10°f oot - pounds

(2) EM; - (4.9693 x 10 - (12, 749)(0.48)(418)
= 2.4113 x 10°f oot - pounds

Plot £M3 versus 8 5 on Figure 86 for 8_, = 41,25°

For this example, further iteration does not significantly
inmprove the estimate of q. The equilibriumq.is approx-
i mted, as shown on Figure 86, as q,~ 500

d.= g dye = 50° - 165° = - 115°

Cal cul ate loads for q,= 50° and q,= - 115°

sin(5)(- 115)

(1) f,.09) = T = - 0.984196
1 - —
20
F, = (12.06)(76.4)%(-0.984196) =- 69,281.2 pounds

yw
(2) F,= 118,289 sin(50) = 90,614.8 pounds

yc

26.5-177



EXAMPLE PROBLEM 1 (Conti nued)

EQ.

EQ.

(5-62)

(5- 66)

(3) F,=- 69,2812+ 90,614.8 = 21,333.6 pounds

yT

(4) Using Equation (6-2), calculate F,_;
(Calculate F, for g,= + 115° because F,is symetrical
about vessel bow.)

2
Few=2- 49VCoe0r st a)

- (sinl - 0

fxw(ew) = 1 - 1
10

¥ = (1.29)(115) + 38.6 = 186.95

si n(5) (186. 95)

fxw( qw) _— [Sl n(186 95:2 '1 10 = 0.071115
2
F.= (2.49 )(76.4 )" (0.8) (0.071115) = 826.9 pounds

(5) Using Equation (6-5), calculate F_:

Foe = c0s q, { 8226+ 17,246
[log (9.8261 x 10'cos qQ - 2]°
+2,490.5 }
Fo = 008(50) { 8226 + 17, 246
{log [9.8261 x 10’ COS(50)]
+2,490.5 }
Fxc = - 2,459.1 pounds

(6) Calculate F:

P = Fxw T Fxe

826.9 + (- 2,459.1) = - 1,632.2 pounds

I:xT

(7) Calculate H

2 2
H= /;XT + FyT

H = V/Q- 1,632.2)2 + (21,333.6)°2

H = 21,396 pounds

H = 21,396 pounds
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EXAMPLE PROBLEM 1 (Continued)

6. Design of Mboring Conponents.

a. Select Chain and Fittings:

(1) Approximate Chain Tension: Find T, using the naxi num
value of H from Table 27:

EQ (5-78) T=112H
T= (1.12)(21,396) = 23,963.5 pounds

(2) Maximum Al |l owabl e Working Load: Find T,,,:

EQ (5-79) Tdesi gn - 035 Ty eak
23,963.5 = 0.35 T, ..
T, = 23,963.5/0.35 = 68,467.2 pounds
(3) Select Chain: From Table 95 of DW26.6, use
| -inch chain with a breaking strength of 84,500 pounds.
(4) Chain Weight: Find W,..q..:
EQ (5-82) w = 8.26 d’= 8.26 pounds per foot of |ength

subner ged
b. Conmpute Chain Length and Tension:

(1) Gven:
wd = 41 feet at high tide
q.=

H = 21,396 pounds
= 8. 26 pounds per foot

(a)
(b)
()

(d)
w

submerged

This is Case Il (Figure 73).
(2) Following the flow chart on Figure 73:
(a) Oa $0

(b) V.= Htan q,
V= 21,396 tan(2°) = 747.2
(c) S,=v,/w

S,= 747.2/8.26 = 90.46 feet
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EXAVPLE PROBLEM 1 ( Conti nued)

(d) ¢ = Hw = 21,396/8.26 = 2,590.3 feet

2 2
)y, =/S, *+¢

v, = \/(;).46)2 + (2,590.3)% = 2,591.9 feet
(f) y, = Y.t wd

Y, = 2,591.9 + 41 = 2,632.9 feet

2 2
(8) sb - yb -C

Sb =V/[(2,632.9)2 - (2,590.3)2 = 471.7 feet

(h)y S,= S-S

S 471.7 - 90.46 = 381.25 feet

ab ~
Det er m ne nunber of shots:
381.25 feet/90 feet = 4.24: use 4.5shots

(i) T, = Wy,

T,= (8.26)(2,632.9) = 21,747.8

. ab
(j) x ,=cIn ‘q/z: :)
_ 381.25 381.25
X ap = (2,590.3) 1n | 7555575 + /(2 590 3 1

c. Anchor Selection: Following the flow chart on
Figure 77:

(1) Required holding capacity = 21,396 pounds

(2) Seafloor type is sand (given)

Depth of sand = 60 feet (given)
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EXAMPLE PROBLEM 1 (Conti nued)

THEREFORE

SUBSTI TUTI NG

TEEN :

(3) Anchor_type is Stockless (given); flukes limted
(set) to 35°. From Table 18, safe efficiency = 4

Hol di ng capacity = efficiency x weight

21,396 = (4)(weight)

Wi ght = 21,396/4 = 5,349 pounds = 5.3 Kips

Use 6, 000-pound (6-kip) Stockless anchor

(4) Required sedinent dept h:From Figure 80, the maxi num

fluke-tip depth is 5.5 feet. Therefore, the sedi nent
depth (60 feet) is adequate.

(5) Drag distance: From Figure 81, the normalized anchor
drag di stance is:

D=4. 3L

Cal cul ate fluke length, L, using the equation from Fig-
ure 82 for determining L for Stockless anchors:

w U3
L =481 (%)

Use cal cul ated anchor weight, W in kips:
Wt 5.3 kips

L= (4.80)( ——) = 4.9 feet

D=(4.3)(4.9) = 21.1 feet<50 feet; ok

Therefore, the drag distance is acceptable (maximmis
50 feet).
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EXAMPLE PROBLEM 2:  BOWM AND- STERN MOORI NG

G ven: a. Bow and-stem nooring for a DD 940.
b. The bottommaterial is nud. The depth of the nud |ayer is
40 feet. Stato anchors will be used ( q,= 2 degrees).
c. The water depth at the site is 35 feet mean |ower |ow water
(MLW .
d. The tide range from M.LLWto nean higher high water (MHHW is
6 feet.
e. Wnd data are the same as those given in Exanple Problem 1.
(See Table 23.)
f. Currents are due to tides. The maxinum flood-current speed,
V. is 2knots ( q, = 15°) and the maxinum ebb-current speed, V=
Is 2 knots ( q.= 195°).
Fi nd: Design the mooring for wind and current |oads.
Solution: 1. Determine Vessel Characteristics for DD-940 from DM 26. 6,

Table 2:

Overall length, L = 418 feet

Waterline length, L,= 407 feet

Beam (breadth at the | oaded waterline), B = 45 feet

Fully loaded draft, T = 16 feet

Li ght-1oaded draft, T = 12.5 feet

Ful |y | oaded displacement, D = 4,140 | ong tons

Li ght -1 oaded di splacenent, D = 2,800 |long tons

Fully |oaded broadside wind area, A= 13,050 square feet
Li ght -l oaded broadside wind area, A= 14,450 square feet
Fully loaded frontal wind area, A= 2,100 square feet
Light-loaded frontal wind area, A= 2,250 square feet

2. Moring Configuration: bow and-stern nooring

3* Evaluate Environnmental Conditions:

a. Seafloor Soil Conditions:

(1) Bottom material is nud.
(2) Soil depth is 60 feet.
(3) Soil material is uniform over nmooring area.

b. Design Water Depth:

(1) Water depth at low tide, wd = 35 feet

low tide

(2) Wwater depth at high tide wd . = 41 feet

c. Design Wnd: Design wind, taken from Exanple Problem 1,
is given in Table 28:
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EXAMPLE PROBLEM 2 (Conti nued)

TABLE 28
Desi gn W nd
V V
_ : 50 50
Direction (piles per hour) (feet per second)
\ 52.1 76. 4
NE 44.9 65. 8
E 50.3 73.7
SE 35.6 52.2
S 39.4 57.8
SW 40. 2 58.9
w 36.7 53.8
NW 38.5 56. 4

d. Design Current: The design currents are due to tides.

(1) Flood current: 2 knots toward 105° true north
(9= 15°)

(2) Ebb current: 2 knots toward 285° true north
( Q.= 195°)

e. A summary of design wind and current conditions is shown
in Figure 87.

4, Evaluate Environnental Loads:

a. Wnd Load:

(1) Lateral Wnd Load: Find F,

EQ (5-11) yW Z/Oa Vw y yw yw(ow)

a " 0.00237 slugs per cubic foot

— ) -
VS VH
EQ (5-12) Cyw = 0.92 [(v; As + (V; AHJ /Ay

/7

—

S S

EQ (5-13) VQS(F{;) .
Ve /‘“n\l/7

EQ (5-14) V; \";)
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NOTE: WIND VELOCITIES ARE IN MILES PER HOUR

FI GURE 87
Summary of Design Wnd and Current Conditions (Exanple Problem 2)
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EXAMPLE PROBLEM 2 (Conti nued)

"R = 33.33 feet

( sin SOV)

+ \8inb® - —m7
w 20

EQ (5-15) fyw(Qw) = -

1 - =—

20

(a) Light-Loaded Condition: Find F,for the
i ght-1oaded condition:

Assume "$ 40 feet and h,= 15 feet:

THEN : 1/7
( ) = 1.03
1/7

AND :
v— = 0.89

AY: 14,450 square feet

|cn

<

:ﬁ

ASsSune:

A ¢=0.40 A= (0.4)(14,450) = 5,780 square feet
A,= 0.60 A= (0.6)(14,450) = 8,670 square feet

. C = 0.921(1.03) %5.780) + (0.89)%8. 670)1
THEN yw 14, 450
cyW: 0.83
1 .
AND : Fow 5 (0.00237) V.(14,450)(0.83) f,( q.)

Fow= 1421 Vf.( aw

This equation is used to detgrm her V,and
qg,for the light-loaded condi Respui.ts are given
in Table 29.

(b) _Fully loaded Condition: F,Fiad the
fully 1loaded condition:

Assune h =35 feet and h,= 10 feet:

__S_ 1/7
Ve 33 33
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EXAVMPLE PROBLEM 2 (Conti nued)

TABLE 29
Lateral Wnd Load: Light-Loaded Condition
f F o
Direction (degrees) (feet per second) wl 0 ( pounds)
wW 0 53.8 0 0
NW 45 56. 4 0.782 35, 348
N 90 76. 4 | 82, 943
NE 135 65. 8 0.782 48,112
E 180 73.7 0 0
SE 225 52.2 -0.782 - 30, 279
S 270 57.8 -1 -47, 473
SW 315 58.9 -0.782 - 38, 551
Y
R 33. 337
A = 13,050 square feet
From step (a), A, = 5,780 square feet
A= A- A= 13,050 - 5,780 =7,270 square feet
, _0.92 [(1.01)%5,780) + (0.84)(7,270)]
THEN - Cyw = 13, 050
Cyw = 0.78
AND : FyW =:2L— (0.00237) V, (13,050)(0.78) f ( q,)
waz 12.06 V, f ( qw)
This equation is used to determine F, for V,and
q,for the fully |oaded condition. Results are gi ven
in Table 30.
(2) Longitudinal Wnd Load: Find F,
1 2
EQ (5-16) wa = E/oa v, AL Cow fxw(ev)
/ca = (0,00237 slugs per cubic foot
EQ (5-19) For destroyers, C,= 0.70
EQ (5-22) Cons - 0. 80
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EXAMPLE PROBLEM 2 ( Cont i nued)

TABLE 30
Lateral Wnd Load: Fully Loaded Condition
. . q w V w f ( qv) F y w
Direction (degrees) (feet per second) YW (pounds)
w 0 53.8 0 0
NW 45 56. 4 0.782 29, 999
N 90 76. 4 1 70, 394
NE 135 65. 8 0.782 40, 832
E 180 73*7 0 0
SE 225 52.2 -0.782 - 25, 698
S 270 57.8 -1 -40, 291
SW 315 58.9 -0.782 -32,718
For vessels with distributed superstructures:
in5 §
-[sin8 -2 )
EQ (5-26) £ 0 ="\°7 : 10
1- 10
90° 90° for 8 < @
EQ (5-27) 5(-) “\e_ ow * o Cw W
wz .
90° @
0° ° wz
0 (528) Sy - (Ts'(i‘g-_e") O (180 "I -,
wz wz

THEN :

AND :

THEN :

for 9> q,,

For warships, q,~ |10 degrees:

90°)(110°

50° . _(90°)(110°)
5 - (-_180"_--1"1'0°) a.+ 180° - g5 110°

= 1.29 q .+ 38.6

(a) Light-lLoaded Condition: Find F,for the Iight-
| oaded condition:

A = 2,250 square feet

l\)lH >

(0.00237) VZ2(2,250) C,f.( qw)
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EXAMPLE PROBLEM 2 (Conti nued)

F.~ 2.67 V,C,f..( q.)

This equation is used to determine F,for V,
C,(C.,or C.), and q,for the light Ioaded
condition. Results are given in Table 31.

TABLE 31
Longi tudi nal Wnd Load: Light-Loaded Condition
q Vw F X W
Direction (degrees) (feet per second) Cf ( q.) ( pounds)
" 0 53.8 0.7 -1 -5,410
NW 45 56. 4 0.7 -0.999 -5,939
N 90 76. 4 0.7 -0.2 -2,182
NE 135 65. 8 0.8 0.57 5,271
E 180 73.7 0.8 1 11, 602
SE 225 52.2 0.8 0.57* 3,318
S 270 57.8 0.7 ~-0.2* -1, 249
SW 315 58.9 0.7 -0.999* -6, 478

*f L gw) is symetrical about the |ongitudinal axis of the vessel

(b) Fully Loaded Condition: Find FXW for the fully
| oaded condition:

Ax = 2,100 square feet

1
THEN: . FXW =; (0.00237) V, (2, 100) cf.( 9.

F.= 2.49 V:C.f. ( q)

XW Xw

This equation is used to determne F, for V,
c (c or C ), and for the fully | oaded
condition. Results are given in Table 32.

(3) Wnd Yaw Monent: Find M,

EQ (5-29) 1 2
Meow =7 fa Yy A L Cpu®)

ﬂa = 0.00237 slugs per cubic foot
L = 418 feet
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EXAVPLE PROBLEM 2 (Conti nued)

TABLE 32
Longi tudinal Wnd Load: Fully Loaded Condition
: o faw o

Direction (degrees) (feet per second) C x (pounds)

w 0 53.8 0.7 -1 -5, 045

NW 45 56. 4 0.7 -0.999 -5, 539

N 90 76. 4 0.7 -0. -2,035

NE 135 65. 8 0.8 0. 4,916

E 180 73.7 0.8 | 10, 820

SE 225 52.2 0.8 0.57* 3,094

S 270 57.8 0.7 -0. 2% -1, 165

SW 315 58.9 0.7 -0. 999* -6, 041
*f L qgw is symetrical about the longitudinal axis of the vessel

c,{ gqw) is found in Figure 55.

(a) Light-Loaded Condition:

Find M, for the
l'ight-1oaded condition:

A = 14,450 square feet

1
THEN: M =— (0.00237) V “(14,450) (418) C

w5 ) V(14,450) (418) C,( q))

MKyw = 7,157.5 v,/C, ( q.)

This equation is used to determne M,for V,and

q,for the light-loaded condition. Results are given

in Table 33.

TABLE 33
Wnd Yaw Mnent: Light-Loaded Condition
q w VW C M X y w
Direction  (degrees) (feet per second) xywgqw  (foot-pounds)

w 0 53.8 0 0
NW 45 56. 4 0.12 2.7321 X 10°
N 90 76. 4 0. 0425 1.7756 X 10°
NE 135 65. 8 -0.0125 -3.8737 X 10°
E 180 73.7 0 0
SE 225 52.2 0.0125 2.4379 X 10°
S 270 57.8 -0.0425 -1.0163 X 10°
SW 315 58.9 -0.12 -2.9797 X 10°
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EXAMPLE PROBLEM 2 (Conti nued)

(b) Fully Loaded Condition: Find M,for the
fully loaded condition.

Ay = 13,050 square feet

1
THEN == ;
Meyw > (0.00237) V, (13,050)(418) C.( q,)
M__ = 6,464 V,C.( qw
ey ( qw)

This equation is used to determne M,for V,and
q,for the fully l[oaded condition. Results are given
in Table 34.

TABLE 34
Wnd Yaw Monent: Fully Loaded Condition

qW VW
Direction (degrees) (feet per second) C,( q.) (foot - pounds)

W 0 53.8 0 0

Nw 45 56. 4 0.12 2.4674 x 10°
N 90 76. 4 0. 0425 1. 6035 x 10°
NE 135 65.8 -0. 0125 -3.4983 x 10°
E 180 73.7 0 0

SE 225 52.2 0. 0125 2.2017 x 10°
S 270 57.8 -0. 0425 -9.178 x 10°
SW 315 58.9 -0.12 -2.691 x 10°

b. Current Load: Note that lateral and |ongitudinal flood-
current loads ( q. = 15°) are conputed below, lateral and

| ongi tudi nal ebb-current l|oads are equal to the flood-current
| oads, but opposite in sign.

(1) Lateral Current Load: Find F.:

1 2
EQ (5-35) ch = -z—/ow VoL, T Cyc 8in®

/ow = 2 slugs per cubic foot

- feet per second
Vc 2 knots (1.69 Koot )

= 3.38 feet per second

wd
. _ -« & -1
EQ (5-36) Ce = Cyeloo * Cyelt = Syelo? ™ T
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EXAMPLE PROBLEM 2 (Conti nued)

35D
Q. (5-37) f =L, BT
LML = 407 feet
B = 45 feet
(a) Light-Loaded Condition at Low Tide: Find
ch for the light-loaded condition at |ow tide:
T = 12.5 feet
wd = 35 feet
D = 2,800 long tons
Find Cyc oo from Figure 56 for f and L,/ B:
(35) (2, 800)
f ~(407)(45)(12.5) 0.428
L./ B = 407/45 = 9.04
Cycloo‘ 0.4
Find Cycll from Figure 57 for Cp LwL/,T:
From Tabl e 14, use $>: 0.539 for DD 692
Cp LwL/ ’T = (0.539)(407)/,/12.5 = 62
Cyc|1 =36
Find k fromFigure 58 for = 0.428 for a
shi p-shaped hul | :
= 0.75
M :3_5 = 2.8
T 12.5
THEN : C=-04+(36-04) 075(28-1) =123
THEREFCRE: F e = (2)(3 .38)2(407)(12.5) (1.23) sin(15)

(
18, 503 pounds
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EXAMPLE PROBLEM 2 (Conti nued)

(b) Fully Loaded Condition at Low Tide: Find F,
for the Tully lToaded condition at low tide:

T = 16 feet

wd = 35 feet
D=4,140 |l ong tons

Fi nd Clyclwfrom Figure 56 for fand L,/B:

(35) (4, 140)
f~(407)(45)(16) ~0.49

L./ B = 407/45 = 9.04

C 0.4

veloo
Fi nd CyCIl from Figure 57 for CpLM','r

From Tabl e 14, use %: 0.539 for DD 692

Cp LwL/’ T = (0.539)(407)/ [/ 16 = 54.8

c:yC|1 = 3.3
Find k fromFigure 58 for = 0.49 for ship-
shape hul | : f
k= 0.75
wl_ 35
=—=2.19
T 16
THEN Cye = 0.4+ (3.3 - 0.4) e(0.75)(2.19 - 1) -1 59
THEREFORE: ch :% 2)(3.38)2(407)(16)(1.59) sin(15)
= 30, 615 pounds
(2) Longitudinal Current Load: Find >|<:c :
EQ (5-40) Fe “ Fx form™ Fx friction * I:x prop
EQ (5-41) F --L o v2ZBTcC . coso
' x form 2/°w c xcb c
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EXAMPLE PROBLEM 2 (Conti nued)

EQ (5-42)

EQ (5-43)

EQ (5-44)

EQ (5-45)

EQ (5-46)

EQ (5-47)

EQ (5-48)

THEN :

THEN:

THEN :

/‘, = 2 slugs per cubic foot
w

vC= 3.38 feet per second

B = 45 feet

Cxcb = 0.1

2

1
Fy friction = "E)KQV V" S Cpeq €088

35D
T

s= (1.7 TL,) +

2
c.= 0.075/(log R- 2)
R =V, L, coch/JJ
L = 407 feet

2) =14 x 10"5 square feet per second
2

1
= - e
I:X prop 2/ w Vc Ap Cprop cos%e

From Tabl e 15 for destroyers, A<= 100

= (407)(4s)/100 = 183 square feet
A Tpp

183

AP:()T§E§§'218 square feet

“prop ~

(a) Light-loaded Condition at Low Tide: Find
Fxc for the light-loaded condition at |ow tide:

T =12.5 feet
D = 2,800 |ong tons

1 ) ,
Fx form- " 2 (2) (3.38)7(45) (12.5)(0.1) cos(15°)
- 620 pounds

R = (3.38)(407) cos(15°)/1.4 x 10°= 9.49 X 10’
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EXAMPLE PROBLEM 2 (Conti nhued)

Cyca = 0.075/[10g(9.49 x 107) -2]* = 0.0021

= (1.7)(12.5)(407) 322800

12.5
= 16, 489 square feet
. —_ 1 2
THEN : FX friction - ~ 2 (2)(3.38)7(16,489)(0.0021)
cos(15°) = - 382 pounds
; F -1 2)(3.38)°(218) (1 15°
THEN - X prop = "5 (2)(3:38)1(218)(1) cos(15°)
= - 2,406 pounds
THEREFORE : FXC = - 620 - 382- 2,406= - 3,408 pounds
(b) Fully Loaded Condition at Low Tide: Find F,
for the fully | oaded condition at |ow tide:
T = 16 feet
D = 4,140 long tons
1
THEN : Fy fOIrm=-2—(2)(3.38)(45)(16)(0.1) COS(15°)
= - 795 pounds
= (1.7)(16)(407) + {39 14&, 140
= 20,127 square feet
: F - 2 (20, 127 21
THEN : « friction —-2—( ) (3.38) (20, ) (0. 0021)
cos(15°) = - 466 pounds
: =- 2,4
THEN: FX or op , 406 pounds
THEREFORE : F, =-795-466- 2,406 = - 3,667 pounds

Xc
Current Yaw Moment: Fi nd Myc:

EQ (5-49) ( -
W

( is found in Figure 59 as a function of

and vessel type. For a DD 696:

o -

e
L—°—) = 0.16 for (
wL
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EXAVPLE PROBLEM 2 ( Conti nued)

Note that the nmonent is symetrical about the
vessel stern; therefore, (e/Lw) for q,= 195° is

equal to (e/Lw) for g,= 360° - 195° = 165°:

(: = - 0.08 for q,= 195°

(a) Light-Loaded Condition at Low Tide: Find M,
for the light-loaded condition at |ow tide:

Flood current ( gq,= 15°):

N&yc = (18,503) (().16)(407) = 1.2049 x 10°foot - pounds

Ebb current ( q,= 195°):

18,503) (- 0.08) (407)

= (-
xyc = 6.0246 x 10 foot-pounds

(b) Fully Loaded Condition at Low Tide: Find M,
for the fully loaded condition at low tide

Flood current ( gq,= 15°):
Myc = (30, 615) (0.16) (407) = 1.99 x 10°f oot - pounds
Ebb current ( q.= 195°):

My = (- 30,615) (-0.08)(407)
y = 9.97 x 10°foot - pounds

5. Evaluate Loads on Mdoring El enents:

a. Load Conbinations: There are four cases of |oad conbina-
tions which nust be analyzed in order to determne the maxi num
mooring | oads on the vessel:

Load Case 1: Light-loaded condition and flood current
Load Case 2: Light-loaded condition and ebb current
Load Case 3: Fully loaded condition and flood current
Load Case 4: Fully loaded condition and ebb current

Note that, for each case, the maximum | oads on the vesse

occur when the directions of the wind and current forces
coincide. Therefore, |oads due to a flood current are conbined
with loads due to winds fromthe W NW N, and NE. Simlarly,

| oads due to an ebb current are conbined with | oads due to
winds fromthe E, SE, S and SW
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EXAVPLE PROBLEM 2 ( Conti nued)

The | oad-combi nation calcul ations are sunmarized in Table 35.
The foll owi ng equations are used:

EQ (5-62) F,= F + F
EQ (5-63) F,= F+ F
EQ.  (5-64) M, = M, + M,

TABLE 35
Load Conbi nations
Load q. a. Fur FyT XXyT
Case Direction (degrees) (degrees) (pounds) (pounds) (foot-pounds)
W 0 15 -8, 818 18, 503 1.20 x 10°
NW 45 15 -9, 347 53, 851 3.94 x 10°
Case 1 N 90 15 -5,590 101, 446 2.98 X 10°
NE 135 15 1, 863 66, 615 8.18 x 10°
E 180 195 15, 010 -18, 503 6.02 X 10°
SE 225 195 6, 726 -48,782 8.46 X 10°
Case 2 S 270 195 2,159  -65,976 -4.14 x 10°
SwW 315 195 -3,070 -57,054 -2.38 X 10°
w 0 15 -8,712 30, 615 1.99 x 10°
NW 45 15 -9, 206 60, 614 4.46 X 10°
Case 3 N 90 15 5,702 101, 009 3.59 x 10°
NE 135 15 1, 249 71, 447 1.64 x 10°
E 180 195 14, 487 -30, 615 9.97 x 10°
SE 225 195 6, 761 -56, 313 1.22 x 10°
Case 4 S 270 195 2,502  -70, 906 7.92 x 10°
Sw 315 195 -2,374  -63,333 -1.69 x 10°
b. Mooring-Line Load. Moring-line |oads are analyzed using
the procedure outlined in Figure 67.
FyT FXT
EQ (5-69) H= 2 sin (45°) "2 cos (45°)
= F
. H, = - —
EQ (5-70) .= H cos (45°)
Line | oads for each of the cases in Table 35 are summarized in

Tabl e 36.

For exanple, for a N wnd; Case 1:
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EXAVPLE PROBLEM 2 (Conti nued)

F - 5,590 pounds

XT
FyT = 101, 446 pounds
, 101, 446 (- 5,590 _
H = 67,780 - A 5.590) - 75 6gp pounds
cos (45°) ’
Equations (5-69) and (5-70) are used to determine Hand H
for Cases 1 through 4. Results are given in Table 36.
TABLE 36
Moor i ng-Li ne Loads
Load H, H,
Case Direction (pounds) (pounds)
W 19, 319 6, 848
Case 1 NW 44,688 31, 469
S€ N 75, 686 67, 780
NE 45,786 48, 421
E 2,470 23, 697
Case 2 SE 29,783 39, 250
S€ S 45,126 48,179
S 42,515 38,173
W 27, 809 15, 488
Case 3 NW 49, 370 36, 351
S€ N 75, 456 67, 392
NE 49, 638 51, 404
E 11, 404 31,892
Case 4 SE 35, 039 44,600
S€ S 48, 369 51, 907
Sw 46, 462 43, 105

6. Design of Moring Conponents:

a. Select Chain and Fittings

(1) Approximate Chain Tension: Find T: the maxi num
horizontal line load from Table 36 is H = 75,686 pounds

EQ (5-78) T=1.12 H
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EXAVPLE PROBLEM 2 ( Conti nued)

THEN: T = (1.12)(75,686) = 84,768 pounds

(2) Maxi mum Al | owabl e Working Load: Find T,,.,:

EQ (5-79) = 0.35 Ty ook

Tdesign
THEREFORE Tbreak - T /0.35

design

TdeSign = 84, 768 pounds

Tbreak = 84,768/ 0.35 = 242,194 pounds

(3) Select Chain:

From Table 95 of DM 26.6, use |-3/4-inch chain with a
breaking strength of 249,210 pounds.

(4) Chain \Wight:

EQ (5-82) V\éubrrerged = 8.26 d°= (8.26)(1.75) = 25.3 pounds per foot

b. Conpute Chain Length and Tensi on:

(1) Gven:
(a) wd = 41 feet at high tide
(b) ga = 2 degrees
(c) H= 75,686 pounds
(d) w= 25.3 pounds per foot
This is Case 11 (Figure 73).
(2) Following the flow chart on Figure 73:
(a) 8, #0
(b) Vv, =Htanq,
Va: 75,686 tan(2°) = 2,643 pounds
(c) S, v. w
S,= 2,643/25.3 = 104.47 feet

(d) ¢ "Hw=75,686/25.3 = 2,991.5 feet
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EXAMPLE PROBLEM 2 (Cont i nued)

- J/(104.47)ﬂ-(2,991.5)2: 2,993.3 feet
() Y,y.+wd

Y, = 2,993.3 + 41 = 3,034.3 feet

(9) S = Yy - C

V/3 034.3) - (2,991.5)°=507.8 feet
b

S _
() Sap - s, s,
Sab = 507.8 - 104.47 = 403.4 feet

Determ ne nunber of shots:
403.4 feet/90 feet = 4.48; use 4.5 shots
(i) T,= wy,

= (25.3)(3,034.3) = 76,768 pounds
Check the breaking strength of the chain

T/0.35 = 76,768/0.35 = 219, 337< 249,210 pounds; ok

7
(4) —c 1 Sab . Sab
J Xab - ¢ M ¢ c
_403.4 403. 4
Xp = 2:991.5 1 fs=gares \//z; 3915

402. 2 feet

Xab

c. Anchor Selection: Following the flow chart on Figure 77

(1) Required holding capacity = 75,686 pounds

(2) Seafloor type is mud (given)

Depth of nud is 40 feet (given)
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EXAMPLE PROBLEM 2 (Conti nued>

(3) Anchor type is Stato (given). From Table 18, safe
efficiency 10

Wi ght = 75,686/10 = 7,569 pounds = 7.6 Kips
THEREFORE: Use 9, 000-pound (9-kip) Stato anchor
(4) Required sedinent depth: From Figure 80, the

maxi mum fluke-tip depth is 35 feet. Therefore, the
sedi rent depth (40 feet) is adequate.

(5) Drag distancefromFigure 82, the normalized
anchor drag distance is:

D= 45 L

Calculate fluke |engthysing the equation from Fig-
ure 82 for determning L for Stato anchors:

w 1/3
L =575 (—)

Use cal culated anchor weight, W in Kips:
W 7.6 kips

7.6 1/3

SUBSTI TUTI NG: L = (5.75)( T) = 7.8 feet

THEN : D

(4.5)(7.8) =351 feet <50 feet; ok

Ther ef orethe drag distance is acceptable (maximumis
50 feet).
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EXAVPLE PROBLEM 2 (Cont i nued)

The follow ng pages illustrate the use of the conputer program described
in Appendix B to solve Exanple Problem 2. The first type of output fromthe
conput er provi d§5 a | oad-deflection curve for the nmooring, which consists of
5.5 shots of 1 Y4 inch chain. A wire mooring line was used in the analysis.
The second type of conputer output consists of a summary of the nooring
geonetry and applied and distributed moring | oads.
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LOAD-EXTENSION CURVE ANCHOR LEG TYPE 12

Chain legth = 495 Weight/length = 25.3
Water depth = 41
Steel hawser, area x modulus = 7.777E+07
Chock to buoy = 150 On-deck length = 0
Horiz Vert Total Upper Sinker Lower Anchor Chock- Chock
For c e Force Force Chn Up Ht Chn Up Angle Buoy Anchor
0 1037 1037 41.0 0.0 0.0 0.0 150.0 604.0
4984 3379 6022 133. 5 0.0 0.0 0.0 150.0 636.5
9968 4664 11006 184.4 0.0 0.0 0.0 150.0 638.9
14953 3665 15990 223.9 0.0 0.0 0.0 150.0 440.0
19937 6514 20974 257 .5 0.0 0.0 0.0 150.0 640.7
24921 7265 25958 287.1 0.0 0.0 0.0 150.0 641.1
29905 7945 30942 314.0 0.0 0.0 0.0 150. 1 641.5
34889 8571 35927 330. 8 0.0 0.0 0.0 150. 1 641.7
39874 9154 40911 361.0 0.0 0.0 0.0 150. 1 642.0
44858 9702 45895 383 .8 0.0 0.0 0.0 150. 1 442.2
49042 10221 50879 404.0 0.0 0.0 0.0 150.1 642.3
54826 10715 55863 423. S 0.0 0.0 0.0 150. 1 642.5
S9810 11187 60848 442 .2 0.0 0.0 0.0 150. 1 642.6
64795 11640 65832 460.1 0.0 0.0 0.0 150.1 642.7
69779 12076 70816 477.3 0.0 0.0 0.0 150.1 442.0
74763 12497 75800 494.0 0.0 0.0 0.0 150. 1 642.9
79747 12910 80785 495.0 0.0 0.0 0.3 150.2 643.0
84731 13323 85772 495 .0 0.0 0.0 0.5 150.2 443.0
897 1& 13736 90761 495. o 0.0 0.0 0.8 150.2 643.1
94700 14150 95751 495 .0 0.0 0.0 1.0 150.2 643.1
99684 14563 100742 495.0 0.0 0.0 1.2 150.2 643.2
104668 14977 105734 495.0 0.0 0.0 1.3 150.2 643.2
109652 15390 110727 495.0 0.0 0.0 1.5 150.2 643.2
114637 15804 115721 495.0 0.0 0.0 1.6 150.2 643.3
119621 16217 120715 495. o 0.0 0.0 1.8 150.2 643.3
124605 16631 125710 495.0 0.0 0.0 1.9 150. 2 643.3
129589 17045 130705 495. o 0.0 0.0 2.0 150.2 643.4
134s73 174s9 133701 495.0 0.0 0.0 2.1 150. 3 643.4
139s5e 17873 140697 495.0 0.0 0.0 2.2 150. 3 643.4
144542 10206 145694 495 .0 0.0 0.0 2.3 150. 3 643.4
149526 16700 150691 495.0 0.0 0.0 2.4 150.3 643.4
154510 19114 155688 495.0 0.0 0.0 2.4 150.3 643. 5
159494 19528 160686 495.0 0.0 0.0 2.5 150.3 643. S
164479 19942 165683 495.0 0.0 0.0 2.6 150.3 643.5
169463 20356 170601 495. 0 0.0 0.0 2.6 150.3 643.5
174447 20770 175679 495 .0 0.0 0.0 2.7 150.3 643.5
179431 21184 180677 495.0 0.0 0.0 2.8 150.3 643. 5
184415 21598 185676 495 .0 0.0 0.0 2.8 150.4 643.6
109400 22012 190675 495 .0 0.0 0.0 2.9 150. 4 64?.. 6
194384 22426 195673 495.0 0.0 0.0 2.9 150.4 643.6
19938 22840 200672 495.0 0.0 0.0 3.0 150. 4 643.4
204352 23254 20S671 495.0 0.0 0.0 3.0 150. 4 643.6
209334 23668 210670 495.0 0.0 0.0 3.0 150. 4 643.6
214321 24082 215669 495.0 0.0 0.0 3.1 150. 4 643.6
219305 24496 220669 495.0 0.0 0.0 3.1 150.4 643.7
224289 24911 225668 495.0 0.0 0.0 3.2 150.4 643.7
229273 23325 230668 495.0 0.0 0.0 3.2 150.4 643.7
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Anchor

Horiz
Force

234258
239242
244226
249210

Leg Type 12

Vert
Force

25739
26153
26567
26901

Total

Upper

Force Chn Up

235667
240667
245667
250664

495.90
495.0
495.0
495.0

Sinker

Ht

0
0
0.
0
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Lower

Anchor

Chn Up Angle

0.0
0.0
0.0
0.0

3.2
3.3
3.3
3.3

Chock-
Buoy

150.0
150.0
150.0
150.0

Page 2

chock-
Anchor

643.7
643.7
643.7
643.7



MULTIPLE

ANCHOR LEG INPUT DATA:

Leg NO. Chock Coords
X Y

1 209.0 0.0

2 -209.0 0.0

RESULTS FOR LOAD CASE O

Applied Load

POINT MOORING ANALYSIS

EXAMPLE 2
Leq Preload Anchor Coords
Angle X Y
-45. 0 2000 645. 3 436.3
-135.0 2000 -645. 3 -436.3

INITIAL POSITION

Load Error Displacement

Surge 0. 000E+00 1. 259E-04 0.0
Sway 0. 000E+00 -B. 580E+01 -18.0
Yaw O. 000E+00 2. 624E-02 0.0
Anchor Legs
Line Horizontal Anchor- Line
No. Load Chock Angle
1 62 604.4 -43.8
2 62 604.4 223. e

RESULTS FOR LOAD CASE 1

Applied Load

N WIND FLOOD CURRENT F.L.

Load Error Displacmnent

Surge -5.702E+03 7.906E+00 13.0
Sway 1.010E+05 9.056E+00 33.0
Yaw 3.590E+06 -1.582E+03 3.3
Anchor Legs

Line Horizontal Anchor- Line
No. Load Chock Angle
1 74967 442.9 -48. 8
42440 642.6 225.6
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EXAMPLE PROBLEM 3:  MULTI PLE- VESSEL SPREAD MOORI NG

Gven: a. Spread nooring for an AS-15 submarine tender. The tender wll
service two SSN 597 subnmarines on one side of the vessel
b. The bottommaterial is nud. The depth of the nud |ayer is
50 feet. Stato anchors will be used
c. The water depth at the site is 40 feet nean |ower |ow water
(MLW .
d. The tide range from MLLWto mean higher high water (MHHW is
5 feet.
e. Wnd data for the site are given in Table 37. Note that the
SSN-597 submarines will be noored al ongside the AS-15 for
W ndspeeds up to 35 knots.
f. Currents are due to tides. The nmaxinum flood-current speed, V.
is 1.5 knots ( q, = 15°) and the maxi mum ebb-current speed, V,
is 1.5 knots ( gq,2= 195°).
Fi nd: Design the nooring for wind and current |oads.
Sol uti on: Deternmine Vessel Characteristics from DM 26.6, Table 2:

For AS-15:

Overall length, L = 531 feet

Waterline length, L,= 520 feet

Beam (breadth at the |oaded waterline), B = 73 feet

Ful ly-1oaded draft, T = 26 feet

Light-loaded draft, T = 16.8 feet

Ful ly | oaded displacement, D = 17,150 long tons

Li ght-1 oaded displacenment, D = 9,960 long tons

Fully |oaded broadside wind area, A = 27,250 square feet
Li ght -1 oaded broadside wind area, A = 32,050 square feet
Fully loaded frontal wind area, A 5,500 square feet
Light-loaded frontal wind area, A= 6,200 square feet

For SSN-597:

Overall length, L = 273 feet
Waterline length, L,= 262 feet
Beam B = 23 feet
Fully loaded draft, T
Light-1oaded draft, T
Ful Iy |oaded displacenent, D = 2,610 long tons

Li ght -1 oaded di spl acenent, D = 2,150 long tons

Fully | oaded broadside wind area, A = 2,050 square feet
Li ght -1 oaded broadside wind area, A = 3,490 square feet
Fully loaded frontal wind area, A, =110 square feet

Li ght-1oaded frontal wind area, A= 220 square feet

19. 4 feet
13.9 feet

Mooring Configquration: spread nooring

Eval uate Envi ronmental Conditi ons:
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EXAVPLE PROBLEM 3 (Conti nued)

TABLE 37
Wnd Data for Site

Peak- Gust W ndspeed

Year (mles per hour) Direction
1950 62 E
1951 38 NE
1952 53 N
1953 46 SW
1954 41 SE
1955 41 NE
1956 43 N
1957 41 S
1958 38 w
1959 34 S
1960 41 NE
1961 42 NW
1962 47 E
1963 54 N
1964 70 N
1965 50 E
1966 42 E
1967 65 NE
1968 46 N
1969 50 N
1970 39 SE
1971 46 NW
1972 44 NW
1973 47 W
1974 44 SE
1975 60 N
1976 42 W
1977 34 W
1978 39 SwW
1979 35 NE

1

Data were collected over water at an elevation of 43 feet.
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EXAMPLE PROBLEM 3 ( Conti nued)

a. Seafloor Soil Conditions:

(1) Bottom material is nud
(2) Soil depth is 50 feet.
(3) Soil material is uniform over nooring area.

b. Design Water Depth:

(1) Water depth at low tide, wd = 40 feet

low tide

(2) water depth at high tide, wd ,,,.= 40 + 5
= 45 feet

c. Design Wnd:

(1) otain Wnd Data: Wnd data obtained for the site are
presented in Table 37. These data provide yearly maxi mum
wi ndspeeds for all directions conbined (that is, direc-
tional data are not available). Therefore, the approxi mate
met hod for determning directional probability nust be

used.

(2) Correct for Elevation:
17 U7
EQ (5-1) 33.331 33.33

V33 33 =Vi( ) =V( —73)
=0.964 V,,; use 0.96 V,

Therefore, elevation correction factor = 0.96

(3) Correct for Duration: The recorded w ndspeeds are
peak- gust val ues; reduce the w ndspeeds by 10 percent to
obtain the 30-second w ndspeeds. Therefore, duration
correction factor = 0.90.

(4) Correct for Overland-Overwater Effects: Data were
col lected over water; therefore, no correction is
necessary.

THEREFORE: Total correction factor = (0.9)(0.96) = 0.864.
Mil tiply each value in Table 37 by 0.864 to obtain the
30-second wi ndspeed at 33.33 feet above the water surface.
The results are shown in Table 38.

(5) Determne Wndspeed Probability:

(a) Deternmine mean value, x, and standard deviation,
s,for w ndspeed dat a:
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TABLE 38
Adjusted Wnd Data for Site

Peak- Gust W ndspeed

Year (mles per hour) Direction
1950 53.6 E
1951 32.8 NE
1952 45. 8 N
1953 39.7 SW
1954 35.4 SE
1955 35.4 NE
1956 37.2 N
1957 35.4 S
1958 32.8 W
1959 29.4 S
1960 35.4 NE
1961 36.3 NW
1962 40. 6 E
1963 46. 7 N
1964 60. 5 N
1965 43.2 E
1966 36.3 E
1967 56. 2 NE
1968 39.7 N
1969 43.2 N
1970 33.7 SE
1971 39.7 NW
1972 38.0 NW
1973 40. 6 w
1974 38.0 SE
1975 51.8 N
1976 36.3 w
1977 29.4 W
1978 33.7 SW
1979 30.2 NE

26. 5-208




EXAVMPLE PROBLEM 3 (Conti nued)

EQ

EQ

EQ

EQ

EQ

(5-4)

(5-5)

(5-7)

(5-8)

(5-6)

THEN

EQ

(5-9)

- 1 X
x =3 >3 x; = 39.57
i=1

1 X -2
f‘i—_—l- E(xi-x) = 7.76

Note that X and s can be conputed with nost hand-
hel d cal cul ators.

b) Use Qunbel distribution to determ ne design
n

(
w ndspeeds for all directions conbined:

(i) Conpute Cunbel paraneters aand u:

_1.282 L 282 _ 0. 1652

S 7.76
- % . 0.577 _ _0.577 -
u=x 3 = 39.57 0 1657 = 36.08
(ii) Conpute V, for 25- and 50-year return
peri ods:
V,u - In {- in[1- P(X>Xx)]}

a

From Table 11, for a return period of 25 years,
P(X > x) = 0.04, and for a return period of SO

years, P(X > x) = 0.02.
in[-in(1- 0041

125 = 36.08 - 0. 1652
= 55.4 mles per hour

_ in [-in(1-0.02)]
‘50 = 36.08 - 0. 1652

= 59.7 mles per hour

These two points are plotted on Gunbel paper in
Figure 88 and designated “all directions” on the
figure.

(c) Determne directional probabilities: Find
P(x >x) | q, the probability of exceedence for a
w ndspeed fromdirection q, where qis one of the

ei ght conpass points (N, NE, E, SE, S, SW W and
NV - N

P(X>x)| q= P(x > X)Wq'
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EXAVPLE PROBLEM 3 (Conti nued)

P(x >x) =0.02 for a return period of 50 years

N is determned by counting the number of times
that the extreme wind came froma particular direc-
tion (in Table 38).

Nis the total number of extreme w ndspeeds in the
data (in Table 38): N = 30

Val ues for N qand N q/N are given in Table 39.

TABLE 39
N,and N /N
Direction ( q) N . N /N
N 7 7/ 30
NE 5 5/ 30
E 4 4/ 30
SE 3 3/30
S 2 2/ 30
SwW 2 2/ 30
w 4 4/ 30
NW 3 3/30

SUBSTI TUTI NG

For example, for north
= (0.02) ( ! ) = 0.0047
P(x > )] g = (0.02) (55) =0

Values of P(X > x)| for the eight compass points
are given in Table 40.

The probability of exceedence [P(X > x) | q] for

each conpass point is plotted on Gunbel paper versus
t he 50-year design w ndspeed 5 determned in
Step (b), above (59.7 mles per %ow) . Using this
plotted point, a straight line is drawn parallel
tothe line plotted in Step (b) for “all directions.”
Results are shown in Figure 88

Fromthe lines for each direction plotted in Fig-
ure 88,V, is found for each direction by determ n-
ing the value of the 30-second w ndspeed (abscissa)
at a return period of 50 years (right ordinate).
Results are given in Table 41.
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EXAVMPLE PROBLEM 3 (Conti nued)

TABLE 40
(P(X>x)[ g

, . Probability of Exceedence
Direction ( q) [P(X > %)| ]

. 0047
. 0033
. 0027
. 0020
. 0013
. 0013
. 0027
. 0020

O OO0 OO OO0O

N
NE
E
SE
S
SW
W
NW

TABLE 41
Design W ndspeed, V,, for Each Direction

' 50 ' 50
Direction (mles per hour) (feet per second)

N 51.2 75.1
NE 50. 2 73.6
E 48. 8 71.6
SE 46. 7 68.5
S 44 64.5
Sw 44 64.5
w 48. 8 71.6
NW 46. 7 68.5

Note: 1.467 feet per second = 1 mle per hour

d. Design Current: The design currents are due to tides.

(1) Flood current: 1.5 knots toward 195° true north
(q.=15)

(2) Ebb current: 1.5 knots toward 15° true north
(g.=195°)

e. A summary of design wind and current conditions is shown
in Figure 89

4. Evaluate Environnental Loads: Design criteria for the nooring
state that the mooring nust be capable of wi thstanding So-year
design conditions with the AS-15 secured to the mooring al one.
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NOTE: WIND VELOCITIES ARE IN MILES PER HOUR

FI GURE 89
summar yof Design Wnd and Current Conditions (Exanple Problem 3)
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EXAMPLE PROBLEM 3 (Conti nued)

Qperational criteria state that the mooring nust be capable of
wi t hstanding 35-m | e-per-hour winds with the AS-15 and two SSN- 597
submarines secured to the nooring.

a. Single Vessel: AS-15to satisfy design criteria:

(1) Wnd Load:

(a) Lateral Wnd Load: Find F,

1 2
EQ (5-11) wa =35 L, Vw Ay Cyw fyw(e)
r: \2 V4 \2 -1
VS VH
EQ (5-12) Cyw' 0.92 VR- AS + ﬁ AH /Ay
1/7
EQ (5-13) Vs _ (Eg_)
'R h,
R \ R/
v /hu\1/7
EQ (5-14) _H_ [ H
w5 )
hR = 33.33 feet
sinSOw
+ { sin®@ - 30
EQ (5-15) fyw(ew) = - )
=20

(i) light-Loaded Condition: Find F v for the
light~-loaded condition: y

Assume hS = 45 feet and hH = 15 feet:

Vs /45 \7

v (33 33) = 1.04
Vg 15

- 63 - ) 0.89

AY— 32,050 square feet

Assune:
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EXAVPLE PROBLEM 3 (Conti nued)

A,= 0.40 A = (0.4)(32,050)
= 12,820 square feet

A,= 0.60 A = (0.6)(32,050)
= 19, 230 square feet

THEN - C =0.92 [(1.04)°(12,820) + (0.89)°(19,230)]
' yw 32, 050
Cym/: 0.84
1 2
AND : Fym;‘if'(0'00237) V,, (0.84)(32,050) f,( q.)
wa: 31.9 vaM q.)
This equation is used to determine F, for V,
and q,for the light-loaded condition Results
are given in Table 42.
TABLE 42
Lateral Wnd Load: Light-Loaded Condition for AS-15
qW VW wa
Di rection (degrees) (feet per second) (0 (pounds)
N 0 75.1 0 0
NE 45 73.6 0.782 135, 130
E 90 71.5 | 163, 081
SE 135 68.5 0.782 117,052
S 180 64.5 0 0
S 225 64.5 -0.782 -103, 781
W 270 71.5 -1 - 163, 081
NW 315 68.5 -0.782 -117, 052

(ii) Fully Loaded Condition: Find F, for the
fully Toaded condition:

Assunme h, = 40 feet and h,= 10 feet:

1/7
s ( ) - 1.03
1/7
( = 0.84
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EXAVPLE PROBLEM 3 ( Conti nued)

A = 27,250 square feet
A= A- A
From Step (i) above, A,= 12,820 square feet

A,= 27,250- 12,820 = 14,430 square feet
_ 0.92 [(1.03)°(12,820) + (0.84)°(14,4301

TEEN : cyW— 57250
Cyw = 10 80

AND : FyW :3(0.00237) V,, (0.80) (27,250) f . ( q))
FyW= 25.8 V,, f.( q)

This equation is used to determne F,for V
and q,for the fully |oaded condition. The "
results are given in Table 43.

TABLE 43
Lateral Wnd Load: Fully Loaded Condition for AS-15
: , 9w \Y w f.0q, Foy
Direction (degrees) (feet per second) w ( pounds)
N 0 75.1 0 0
NE 45 73.6 0.782 109, 290
E 90 71.5 1 131, 896
SE 135 68.5 0.782 94, 669
S 180 64.5 0 0
SW 225 64.5 -0.782 - 83, 936
W 270 71.5 -1 - 131, 896
NW 315 68.5 -0.782 -94, 669

(b) Longitudinal Wnd Load: Find F,

via c ¢ C

B e
xw 2/ a w X Xw xw

EQ (5-16) F

ﬁa = 0.00237

EQ (5-19) For submarine tender: CxwB = 0.70

EQ (5-22) Cous = 0- 80
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EXAVPLE PROBLEM 3 ( Conti nued)

EQ (5-26)

EQ (5-27)

EQ (5-28)

THEN :

THEN

TEEN :

For vessels with distributed superstructures:

sin5¥

- sinn - 10

1

1 = =—

10
‘(-) = <90 9 + 90° forG < 9

90° 9
90° °
B(.‘,) ( )9 + (80 wz

for Ow '> sz

fxw(Ow) =

For warships, q,~ |10 degrees:

-]
(90 q.+ 90° = 0.82 q.+ 90°

90° . (90°) (110°)
8.+ -hso— 1o | (9 180° - r—irpe

= 1.29 q.+ 38.6

(i) Light-Loaded Condition: Find F_for the
light-loaded condition:

A= 6,200 square feet
1
F..=5 (0.00237) V,(6,200) C,f.(.)

Foy= 7-35 Vi C.f.())

This equation is used to determne F, for V,
. C.s0r C,) , and , for the light-Ioaded
condltlon Results are given in Table 44.

(i) Fully Loaded Condition: Find F,for
the fully loaded condition:

Ak: 5,500 square feet

1
F.=—(0.00237) V} (5,500) C.f.( qw
XW 2

Fow = 6:52 g Cufu( @)

This equation is used to find F, for V,,
C. (C, or C. ), and q,for the fully I|oaded
condition Results are given in Table 45.
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EXAVPLE PROBLEM 3 (Conti nued)

TABLE 44
Longitudinal Wnd Load: Light-Loaded Condition for AS-15
q. V. Fow
Direction Cxw (de LLa)

grees) (feet per second) ( pounds)
N 0.7 0 75.1 -1 -29,018
NE 0.7 45 73.6 -0.999 - 27, 842
E 0.7 90 71.5 -0.2 -5, 261
SE 0.8 135 68. 5 0.57 15,727
S 0.8 180 64.5 | 24, 462
SW 0.8 225 64.5 0.57* 13,943
w 0.7 270 71.5 -0. 2% -5, 261
NW 0.7 315 68.5 -0.999* -24,118

*f L g, 1s symetrical about the |ongitudinal axis of the vesse

TABLE 45
Longi tudinal Wnd Load: Fully Loaded Condition for AS-15
q w VW FXW
Direction Cxw (degrees) (feet per second) o aw (pounds)
N 0.7 0 75.1 -1 - 25,741
NE 0.7 45 73.6 -0.999 - 24, 698
E 0.7 90 71.5 -0.2 -4, 667
SE 0.8 135 68.5 0.57 13,951
S 0.8 180 64.5 | 21,700
Sw 0.8 225 64.5 0.57* 12, 369
w 0.7 220 71.5 -0. 2% -4, 667
Nw 0.7 315 68.5 -0.999* -21, 394

*f L g, 1s symetrical about the |ongitudinal axis of the vesse

(c) Wnd Yaw Monent: Find M,
1 2
(s => o VA LC__ (0
EQ (5-29) My ™ 220 Ve Ay ryu (8
/2a = 0.00237 slugs per cubic foot

L = 531 feet
C.( q) Is found in Figure 55

(i) Light-lLoaded Condition: Find M,for
the light-loaded condition:
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EXAVPLE PROBLEM 3 (Conti nued)

A, = 32,050 square feet
1 2
THEN : Mxyw :;(0. 00237) V,, (32,050)(531) Cxyw (q )
Wyw = 20,167 V,C,( qw
This equation is used to find M,for V and

q, for the light-loaded condition Results
are given in Table 46.

TABLE 46
Wnd Yaw Monent: Light-Loaded Condition for AS-15
q w Vw Mx y w

Di rection (degrees) (feet per second) C,( q.) (f oot - pounds)
N 0 75.1 0 0
NE 45 73.6 0.12 1.3109 x 10
E 90 71.5 0. 0425 4.3817 X 10°
SE 135 68. 5 -0. 0125 -1.1829 X 10°
S 180 64.5 0 0
Sw 225 64.5 0.0125 1. 0487 X 10°
w 270 71.5 -0. 0425 -4, 3817 X 10°
NW 315 68.5 -0.12 -1.1355 x 10’

(ii) Fully Loaded Condition:

A = 271,250 square feet

TEEN : M =7 (0. 00237) V., (27,250) (531) C,.( qW
Nl(yw = 17,147 Vv, C,.( g.)
This equation is used to find M for V and
g,for the fully loaded condition Results are

given in Table 47.

(2) Current Load: Note that |ateral and |ongitudinal
flood-current loads ( q,= 150,) only are conputed below
|
t

ateral and | ongitudi nal ebb-current |oads are equal to
he flood-current |oads, but opposite in sign.

(a) Lateral Current Load: Find F_:

1 2
EQ (5-35) Fre =7 /Pu Ve Lur T Cye S108,

/OW = 2 slugs per cubic foot
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EXAMPLE PROBLEM 3 (Conti nued)

TABLE 47
Wnd Yaw Monent: Fully Loaded Condition for AS-15
q w VW C ( ) XXyW

Direction (degrees) (feet per second) wl A (f oot - pounds)
N 0 75.1 0 0
NE 45 73.6 0.12 1.1146 X 10
E 90 71.5 0. 0425 3.7255 X 10°
SE 135 68.5 -0.0125 -1.0057 x 10°
S 180 64.5 0 0
Sw 225 64.5 0. 0125 8.917 X 10°
w 270 71.5 -0. 0425 -3.7255 X 10°
NW 315 68.5 -0.12 -9.655 X 10°

V.= 1.5 knots (1.69 feet per SeCO”d)
knot
= 2.54 feet per second
520 feet
d
i _ ] -k & -
EQ (5-36) e = Coelog™ (Sycl | cycl°° ) e T
35 D
EQ. (5- 37) I_WLT
B =73 feet

(i) Light-Loaded Condition at Low Tide: Find

ch for the light-loaded condition at low tide:

T = 16.8 feet

Wi = 40 feet
D= 9,960 |long tons

Find Cyclco fromFigure 56 for fand L,/B:

(35) (9, 960)
= (520)(73)(16.8) = 0.547
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EXAMPLE PROBLEM 3 (Conti nued)

TEEN :

THEREFORE

From Tabl e 14, use %)= 0.539 for DD-692
C Lng/'r = (6.539)(520)/f 16.8 = 4

C§c| ; =40

Find k fromFigure 58 for f = 0.547 for a
shi p-shaped hul | :

k= 0.75

wd __40
T16. 82' 38
¢ =0.52 . (4-0.52) e-(0.75)(2.38-1)
e - 1,76
1
ch =2— (2) (2.54)2(520)(16.8)(1.76) Sin(15°)
= 25,674 pounds

(ii) Fully Loaded Condition at Low Tide: Find

ch for the fully loaded condition at |ow tide:

T = 26 feet

wd = 40 feet
D = 17,150 long tons

Find CycloofronwFigure 56 for f and L,/ B:

_ (35)(17,150)
f (5200 (73) (26) ~0.608
L
W _ 520
a5y 712

Cyc PO =0.60

Find C
c

vel 1 from Figure 57 for Cp LwL/ T:

From Table 14, use C = 0.539 for DD 692:
Cp LVL/, T = (0.539)(520)/ f 26 = 55
= 3.4

Cyc‘l
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EXAMPLE PROBLEM 3 ( Cont i nued)

Find k fromFigure 58 for = 0.608 for a
shi p- shaped hul | : f

= 0.8
40
=5 = 154
THEN - ¢, = 0.60 + (3.4 - 0.60) € (0.8)(1.54- 1)
Yo =242
1
THEREFORE : ch =5 (2)(2.54)°(520)(26)(2.42) sin(15°)
= 54,633 pounds
(b) Longitudinal Current Load: Find F_
EQ (5-40) Fxc - Fx form+ Fx friction * Fx prop
EQ (5-41) F =-L o vZBTC . cosd
' x form 2/ow c xcb c
= 2 slugs per cubic foot
Pw
V.= 2.54 feet per second
B = 73 feet
Coch = 0.1 |
E 5-42 F fricti --1 v 2 C S cos®
Q (5-42) x friction 2 /2w e “xca ¢
2
EQ (5-44) C..= 0.075/(log R - 2)
EQ (5-45) R =V, L, cosd / 7
L = 520 feet
7) = 1.4 x 10-5 square feet per second
EQ (5-43) S=(1L7TL, + (35DT)
EQ (5-46) F --1 0 v2A c__ cose
: X prop 2 w C P Prop c
A
Tpp
EQ (5-47) A= —
0. 838
L , B
Eq. (5-48) Arpp= AM

R

26.5-222



EXAVPLE PROBLEM 3 (Conti nued)

TEEN :

THEN

THEN

THEN

THEN:

THEREFORE

THEN:

From Tabl e 15, use the value of A,given for
destroyers: A;= 100:

_(520)(73) _
ATPP 100 379.6 square feet
.379. 6 = 453 square feet
0. 838
cprop =1

(i) Light-loaded Condition at Low Tide: Find
F.for the light-loaded condition at |ow tide:

T = 16.8 feet

wd = 40 feet

D = 9,960 long tons

II—‘

F

(2)(2.54)%(73)(16.8)(0.1) COS(15°)
- 764 pounds

x form

N

R = (2.54)(520) cos(15°)/(1.4 X 10°)
9.1 x 10°

= - 2 = 0.0021
Cyca 0.075/[log(9.1 x 107)- 2]

S = (1.7)(16.8)(520) + [(35)(9, 960)/ 16+8]
= 35

35,601 square feet
L :
FX friction = "2 (2)(2.54)7(0.0021)(35,601)
COS(15°) = - 466 pounds
1 2 0
X prop = "% (2)(2.54)7(453) COS(15°)
= - 2,823 pounds
FXC = - 764 - 466 - 2,823 = - 4,053 pounds

(i) Rully Loaded Condition at Low Tide: Find
F.for the fully |loaded condition at |ow tide:

T = 26 feet
wd = 40 feet
D = 17,150 long tons
1
Fy form = ~2 (2)(2.54)%(73)(26)(0.1) CO8(15°)

= - 1,183 pounds
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EXAVPLE PROBLEM 3 ( Conti nued)

S = (1.7)(26)(520) + [(35)(17,150)/26]
= 46,071 square feet

1
THEN : FX friction = ET (2)(2.54)7(0.0021) (46, 071)
cos(15°) = - 603 pounds
FX or op = - 2,823 pounds
THEREFORE : Fxc = - 1,183- 603- 2,823 = - 4,609 pounds
(c) Current Yaw Mnent: Find M,.:
€
EQ (5-49) M =F — L
Xyc ycC L, WL
ec
L is found in Figure 59 as a function of q,and

vesggl.type. For a DD-696:

e
c
— 1=0.16 for = 15°
(LwL e

Note that the moment is symmetrical about the vesse
stern; therefore,(e/L,) for q.,= 195° is equal to

(e/L,) for g.= 360° - 195° = 165°:

e
[
(L‘,L) - 0.08 for ( q.= 195°

(i) Light-Loaded Condition at Low Tide: Find
N&yc tor the light-loaded condition at [ow tide:

Fl ood current (q, = 15°):

Myc = (25.674) (0.16) (520)
= 2.14 x 10°foot - pounds

Ebb current ( q.= 195°):

Nkyc = (- 25,674)(- 0.08)(520)

= 1.068 x 10°f oot - pounds
(ii) Fully Loaded Condition at Low Tide: Find
N&yc for the fully loaded condition at [ow tide:
Flood current ( q.= 150):
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Mye = (54,849) (0. 16) (520)
= 4.56 x 10°foot - pounds

Ebb current ( q,= 1950):

N&yc = (- 54,859)(- 0.08) (520)
= 2.28 x 10°foot - pounds
(3) Load Conbinations: There are four cases of |oad

conbi nati ons which rmust be analyzed in order to determne
t he maxi mum nooring | oads on the vessel:

Load Case 1: Light-loaded condition and flood current
Load Case 2: Light-loaded condition and ebb current
Load Case 3: Fully loaded condition and flood current
Load Case 4: Fully loaded condition and ebb current

Note that, for each case, the maxi mum | oads on the
vessel occur when the directions of the wind and
current forces coincide. Therefore, l|oads due to a
flood current are conbined with | oads due to w nds
fromthe N, NE, E, and SE. Simlarly, |oads due to an
ebb current are combined with [oads due to winds from
the S, SW W and NW

The | oad-conbi nation cal cul ations are summarized in
Table 48. The follow ng equations are used:

EQ (5-62) Fer = B *Fye
EQ (5-63) FyT = Fym1+ ch
EQ (5-64) M ool T Mye

b. Miltiple Vessels: AS-15 and two SSN-597' S to satisfy
operational criteria (35-mle-per-hour wind fromany direction
and design flood and ebb currents):

(1) Wnd Load: The procedure for nonidentical vessels
IS used.

feet per second
mle per hour )

V= (35 mles per hour)(l.467

w

= 51.34 feet per second

(a) Wnd Load on Two SSN-597'S: Step (1) of the
procedure for nonidentical vessels is to estimate the
wind | oads on the nest of identical vessels (the

two SSN-597'S) noored al ongside the tender follow ng
the approach for identical vessels:
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TABLE 48
Load Comnbi nations for AS-15 Under Design Wnd and Current
Load q w q c F x T FyT MXyT
Case Direction (degrees) (degrees) (pounds) (pounds) (f oot - pounds)
N 0 15 -33,071 25, 674 2.14 x 10°
Case 1 NE 45 15 -31, 895 160, 804 1.525 x 10
s€ E 90 15 -9,314 188,755  6.522 X 10f
SE 135 15 11,674 142,726 9.571 x 10°
S 180 195 28,515 - 25,674 1.068 x 10°
Case 2 SW 225 195 17,996  -129, 455 2.117 X 10°
w 270 195 -1,208 -188,755 -3.314 x 10°
NW 315 195 -20,065 -142,726  -1.029 X 10’
N 0 15 - 30, 350 54, 633 4.56 X 10°
Case 3 NE 45 15 - 29, 307 163, 923 1.57 x 10°
E 90 15 -9, 276 186, 529 8.29 X 10°
SE 135 15 9, 342 149, 302 3.55 x 10°
S 180 195 26, 309 -54, 633 2.28 X 10°
Ca 4 SW 225 195 16,978  -138, 569 3.17 x 10°
s€ W 270 195 58 -186,529 -1.45 x 10°
NW 315 195 -16,785  -149,302 -7.38 X 10°
(i) Lateral Wnd Load: Find F,;:
Equation (5-50) for two vessels is as follows:
EQ (5-50 F =F sin + 1 - 4
Q (550 g™ s [KSIN A, K (1 - oo q))]
1 2 - on®
EQ (5-11) was = wa =35 /L Vw Ay Cyw fyw(ew) @ Ow 90

f.( q)=l@q,= 90°

v 2 v 2
S H
EQ (5-12) Gyw = 0.92 ("E) AS "'(v-l'{) A'ﬂ /Ay

1/7
EQ (5-13) Vs _ _“_S_)
VR \Pr

1/7
EQ (5-14) V_H-(_l_‘g)
T, T\ g
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EQ (5-15)

THEN

THEREFORE :

THEN :

< sinSQ‘)
+\sin® -

£ () = w 20
yw'w

1 - —

20

Li ght - Loaded Condi ti on:

Assume h,= 25 feet and h,= 5 feet:

é ) =0%
V 5 _
icﬁjé = 0.76
VR

AY: 3,490 square feet

Assune :
A= 0.25 A = (0.25)(3,490)
= 872 square feet

A,= 0.75 A = (0.75)(3,490)
= 2,618 square feet

_ 0.92[(0.96)°(872) + (0.76)2(2,618)]

YW 3,490
Cyw = 0.61
1
s > (0.00237 )(51.34)2(3,490)(0.61)(1)

6, 642 pounds
Determne K and K from Table 16 for SS-212:
K= 1; K=0.44

F = 6,642 [1sinq,+ 0.44 (1 - cos4 q,)]
ywg

This equation is used to determne F, for q,
for the light-loaded condition. The’wi nd
velocity, V, is the sane for all directions;
therefore, only loads fromgq, = 0° to g= 180°
are calculated. Results are given in Table 49.
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TABLE 49
Lateral Wnd Load: Light-Loaded Condition for Two SSN-597' s
F
. . o ywg
Direction (degrees) (pounds)
N 0 0
NE 45 10, 542
E 90 6, 642
SE 135 10, 542
S 180 0

Fully Loaded Conditi on:

Assune h,= 20 feet and h,= 3 feet:

- (

= 0.93

<I

_f.l. 1/7 0.7
v ® "
AY 2,050 square feet
A= 2,050 - 872 = 1,178 square feet
THEN - Cy 20.92 [(0.93)%(872) + (0.71)2(1,178)]
2,050
CyW = 0. 60
THEREFORE:; FyWS :21— (0.00237) (51.34)°(2,050) (0.60) (1)
= 3,837 pounds
wag = 3,837 [1Sing+0.44 (1 - CO%4 q,)]

This equation is used to deternmine F, for q,
for the fully |oaded condition. Results are

given in Table 50.

(ii) Longitudinal Wnd Load: Find F,:

EQ (5-51)
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TABLE 50
Lateral Wnd Load: Fully Loaded Condition for Two SSN-597' S
qW wag
Direction (degrees) (pounds)
N 0 0
NE 45 6, 090
E 90 3,837
SE 135 6, 090
S 180 0
F_=F_=+,0 v?a c_£ (8)
EQ (5-16) xXws xw 2/ a w "x xw xw W

/ﬂ; = 0.00237 slugs per cubic foot
For hul |l -dom nated vessels:

EQ (5-17), (5-18) = 0.40

XNB = Xws
We are interested in determning if the maxi num
| ongi tudinal |oad on the vessel group is larger
than the maxi mum | ongi tudi nal | oad on the AS-15
al one (under design and and current conditions).
Therefore, we only need to check Fyyq at q,= 0°
with f (q) =-1

Li ght - Loaded Condition

AX: 220 square feet

1
THEN : FXWS =5-(0.00237)(51.34)(220) (0.4)(- 1)
= - 275 pounds
THEREFORE : FXWg = (- 275) (2) = - 550 pounds

Fully Loaded Condition:
sz 110 square feet

THEN . was = - é; (0.00237)(51.34)%(110) (0.4) (- 1)
= - 137 pounds
THEREFORE : FXWg = (- 137) (2) = - 274 pounds
(iii)  Wnd Yaw Monent: Find M :
Xywg
EQ (5-52) M =M ( Ku + Kywo)

XYyWg XYWws
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] - =1 2
EQ (5-29) |\/|XyWS = |\4(yW 7 /% Yy Ay L nyw(ew)

L = 273 feet

Li ght - Loaded Conditi on:

A = 3,490 square feet

K., and K,are given in Figure 61 as a
function of ship location and type:

K. =093
K =10
1
TEEN : M,.. =77 (0.00237) (51.34)2(3,490)(273) C,( q.)
Myus = (2:97 X 109 C,( )
M = (2.97 X 109 C 0.93 + 1
g ( ) C.(aw ( )
M . =(5.73 ,10° C
va\g ( X ) xyw( q W)

This equation is used to determne M, for
C,( g,)for the light-loaded condition.

C.( g, is given in Figure 52 (for carriers).

Xyw

Results are given in Table 51.

TABLE 51
Wnd Yaw Mment: Light-Loaded Condition for Two SSN-597's
e Mxyvvg
Direction (degrees) Col Q) (f oot - pounds)
N 0 0 0
NE 45 0. 066 3.78 X 10°
E 90 0 0
SE 135 -0.068 -3.90 x 10°
S 180 0 0
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Ful ly Loaded Condition:

A\(: 2,050 square feet

1

THEN Mg =—(0-00237) (51.34)2(2,050)(273) C,( q)
Myys = (1.75 x 10) C,( a.)
Myng = (1.75 x 109 c,( q) (0.93 + 1)

THEN Myug = (338 X 109 C,( q.)

This equation is used to determne M, for
C,.( q,) for the fully | oaded condition

C.( g, is given in Figure 52 (for carriers).
Results are given in Table 52.

TABLE 52
Wnd Yaw Monent: Fully Loaded Condition for Two SSN-597 s
q. c M.y ws
Direction (degrees) wl Q) (f oot - pounds)
N 0 0 0
NE 45 0. 066 2.23 X 10°
E 90 0 0
SE 135 0. 068 -2.30 X 10°
S 180 0 0

(b) Wnd Load on AS-15. Step (2) of the procedure
for nonidentical vessels is to estimate the w nd
| oads induced on the tender as a single vessel:

(i) Lateral Wnd Load: Find F,:

Li ght - Loaded Condi ti on:

From previous calculations for AS-15:
wa =319V, f (q)

F.= (31.9)(51.34)*f ( qw)
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THEN : Fyw = 83,984 1,( a,)
This equation is used to determne F, for q,
g for the light-loaded condition. Results
are given in Table 53.

TABLE 53
Lateral Wnd Load: Light-Loaded Condition for AS-15
(Qperational Criteria)

q. Fy
Direction (degrees) Ful 0 ( pounds)
N 0 0 0
NE 45 0.782 65, 675
E 90 | 83, 984
SE 135 0.782 65, 675
S 180 0 0

Ful | y Loaded Conditi on:

From previous cal cul ations for AS-15:

FyW= 25.8 VW f. qw

THEN : FyW= (25.8) (51.34)°f . ( q))
F.= 67,924 f ( qw

This equation is used to determne F,for q,
for the fully | oaded condition. Results are
given in Table 54.

TABLE 54
Lateral Wnd Load: Fully Loaded Condition for AS-15
(Qperational Criteria)

q w F y w
Direction (degrees) Fala) (pounds)
N 0 0 0
NE 45 0.782 53,117
E 90 1 67,924
SE 135 0.782 53, 117
S 180 0 0
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(ii) Longitudinal Wnd Load: Find F,_;

W are interested in determning if the maxi num
[ ongi tudi nal |oad on the vessel group is |arger
than the maxi mum | ongi tudi nal |oad on the AS-15
al one (under design wi nd and current conditions).
Therefore, we only need to check 35-m | e-per-hour
F.on AS-15 at q,= 0° with f ( q,) = - 1:

Li ght - Loaded Condi ti on:

From previous cal cul ations for AS-15:

7.35 V,C, f.( 9.

XW x
THEN: Fow = (7-39)(51.34)2(0.7) (- 1)
= - 13,545 pounds
Fully Loaded Conditi on:
From previous cal cul ations for AS-15:
FXW =6' 52 VW CXW f)(W( q W)
THEN : F.= (6.52)(51.34)°(0.7)(- 1)
= - 12,016 pounds
(iii) Wnd Yaw Monent:
Li ght - Loaded Condi ti on:
From previous cal cul ations for AS-15:
Mxyw = 20’ 167 VWZ nyw( QW)
THEN : M,.,.=(20,167)(51.34)2 C,( q.)

M,, .= 5.309 x 10'foot - pounds
This equation is used to deternmine M, for

C.,.(q,) for the light-loaded condition.
Results are given in Table 55.

Fully Loaded Conditi on:

From previous cal culations for AS-15:

Myw = 17:147 Vi2 C,.( )
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TABLE 55
Wnd Yaw Monent: Light-Loaded Condition for AS-15
(Qperational Criteria)
q w M Xy w
Direction (degrees) Gl Q) (foot-pounds)
N 0 0 0
NE 45 0.12 6.38 X 10°
E 90 0. 0425 2.26 X 10°
SE 135 -0.0125 -6.64 X 10°
S 180 0 0
THEN : L, = (17,147)(51.34)°C,( qw)

M
Xyw

= 4.52 x 10'foot-pounds

This equation is used to determne M, for

C.( q,) for the fully | oaded condition.

Results are given in Table 56.

TABLE 56
Wnd Yaw Mnent: Fully Loaded Condition for AS-15
(Operational Criteria)
q w Mxyz
Direction (degrees) Gl a.) (foot - pounds)
N 0 0 0
NE 45 0.12 5.42 X 10°
E 90 0. 0425 1.92 X 10°
SE 135 -0.0125 -5.64 X 10°
S 180 0 0
(c) Total Longitudinal Load: Step (3) of the pro-
cedure for nonidentical vessels is to add the
| ongi tudinal loads |inearly:
F = F y +
x W Xw (SS-597's) " F,, (AS-15)

Li ght- Loaded Condition:

Fw =

- 550 + (- 13,545) =
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Ful ly Loaded Conditi on:

F..= - 274 + (- 12,016) = - 12,290 pounds

(d) Conpare Broadside Areas (A ) and Beans (B):

Step (4) of the procedure for nonidentical vessels is
to (a) compare the beam of the tender with the
conposi te beam of the nested group and (b) conpare
the projected broadside areas exposed to wind for the
nested group and the tender and conpare the respec-
tive lateral forces as determned in Steps (1) and

(2 .

For the purposes of this exanple, conpare only |ight-

| oaded broadsi de areas, Ay:

For AS-15: A = 32,050 square feet

For SSN-597: A = 3,490 square feet

For AS-15. B =y73 f eet

Assume SSN-597 submarines are separated by 15 feet:
For SSN-597: “Conposite B = (2)(23) + 15 = 61 feet

The beam of the tender (73 feet) is greater than
hal f the conposite beam of the nested group

[(¥(61) = 30.5 feet]. This is Case (a) in Step (4).

The projected broadside area of the tender exposed
to wind (32,050 square feet) is greater than
twice the projected broadside area of the nested
group [(2)(3,490) = 6,980 square feet]. This is
Case (b) in Step (4).

Therefore, there is conplete sheltering, and the
lateral wind |load on the vessel group should be
taken as the |arger of the |oads on the SSN-597' s
or the AS-15 separately. [These were conputed

in Steps (1) and (2).] Conparing Tables 49 and 50,
which give F,for the two SSN-597's, and Tabl es 53
and 54, which give F, for the AS-15, the greater
of the loads computed in Steps (1) and (2) is that
for the AS-15. Therefore, the lateral wind |oad
on the vessel group is taken as that on the AS-15
al one.

Note that the lateral wind |oad on the AS-15 al one

(under design conditions) is greater than the
lateral wind |oad on the vessel group. Therefore,
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EQ

EQ

EQ

EQ

EQ

(5-53)

(5- 35)

(5- 36)

(5-37)

(5-55)

t he maxi mum wi nd nmonent on the vessel group wll
not be cal cul ated.

(2) Current Load:

V.= 2.54 feet per second
q.= 15°

(a) Current Load on Two SSN-597's (Step (1) of the
procedure for nonidentical vessels) is to estinate
current |loads on the nest of identical vessels (the
two SSN-597'S) noored al ongside the fender follow ng
the approach for identical vessels:

(i) Lateral Current Load: Find F_:

el =% F. K(1- 208q)

F - F = i 2 1
ycs ycC 2/ow Ve Lo CyC S Ge
/Jw: 2 slugs per cubic foot

wd
C =c _ -k &&-D
yc YC‘ao * (cycll Cyc|oo Je T

f = 35D

L, BT
LV\L = 262 feet
B = 23 feet

chz = (F, @90 °)[sin gq,-K(1 - 0.5 cos2 q.
- 0.5 ca6 q))]

Determ ne d,/B:

Assume SSN-597' s separated by 15 feet:

deL = 15 + (2)(A(B) = 15 + (2)(A(23) = 38 feet
d,/B = 38/23 = 1.65

Determ ne K from Figure 62:
K,~ 1.05

26.5-236



EXAMPLE PROBLEM 3 (Conti nued)

Determine (1 - 2 K) fromFigure 63:
(1 - 2K=1

THEN K=0

Li ght - Loaded Condition
-

13.9 feet

D

2,150 long tons

Fi nd Cye fromFigure 56 for and L,/ B:

oo f

(35) (2,150
f =(262) (23) (13.9) "0.898

L
W 262
b 2= 114

= 0.75
°yeloo
L /T
Find CYCI1 from Figure 57 for Cp wL/

From Tabl e 14, use g = 0.479

Cp LwL/ /T = (0.479)(262)//13.9 = 33.7

qu 1= 2.5

Find k fromFigure 58 for . = 0.898 for a
shi p- shaped hul |

k= 1.75 40

- 1.75)( — -1
THEN: Cyc :0.75+(2.5- 0.75) e ( )(13.9 )
= 0. 82

Fyes = Y2 (2) (2.54)°(262)(13.90(0=82)
= 19, 266 pounds

F ol @0°= % (19,266)(1.05) {1 - COS[(2) (90]}
y = 20, 229 pounds

THEN : FY, = % (19,266)(1.05) {1 - cos[(2)(15°)]}
= 1,355 pounds .

26.5-237



EXAMPLE PROBLEM 3 (Cont i hued)

F 20,229 {sin(15°) - (0){1 -0.5

e Co8[(2) (15°)]} - 0.5 CO5[(6)(15°)]
ch2 = 5,236 pounds
THEREFORE: ch = 1,355 + 5,236 = 6,591 pounds
Ful ly Loaded Conditi on:
T =19.4 feet
D = 2,610 long tons

Find C&c fromFigure 56 for and L,/ B:

o0 f

(35) (2, 610)
f 7(262) (23)(19.4) 0.78

Cwlo_ 262 _
B -3 =11.4
Use Cyc oo =0.75

Fi nd CyCI 1fromFlgure 57 foer LwL// T
From Tabl e 14, use C = 0. 479

)
Cp LwL// T = (0.479)(262)/ /19.4 = 28.5

cyC|1 ~ 2.5
Find k fromFigure 58 for - 0.78 for a ship-
shape hul|:
k= 1.25 . 25)(40 )
THEN : CyC = 0.75+ (2.5 -0.75) ' 19,4
=121

chs =Y (2) (2.54)2(262)(19.4)(1.21)
= 39,679 pounds

F,@90° “Y2 (39,679)(1.05) {1 - cos(2)(90°)]}
= 41,66 pounds
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48. 2

TEEN : A =—— =575 square feet
P 0. 838
Cprop =1
Li ght - Loaded Condition at Low Tide:
T =13.9 feet
wd = 40 feet

D = 2,150 long tons

TEEN: Fe form = Y5 (2)(2.54) %(23)(13.9)(0.1) cos(15°)

= - 199 pounds

(2.54)(262) cos(15°)/(1.4 x 10-°
“4.59 x 10

R,

Cicq 0-075/[10g(4.59 x 10 - 2]° = 0.0023

S=1(1.7)(13.9)(262) + (35)(2,150)/13.9
= 11,605 square feet

. = _ 1 2
THEN - Fe friction /2 (2)(2.54)%0.0023) (11, 605)
COS(15°) = - 172 pounds

=. 1 2 .

THEN:. FX or op 5 (2) (2.54)7(57.5) cos(15°)
= - 358 pounds

THEN FXC =-199- 172 - 358 = - 729 pounds
THEREFORE : FXC g = - (729) (2) = - 1,458 pounds

Ful |y Loaded Condition at Low Tide:

T = 19.4 feet
wd = 40 feet

D = 2,610 long tons

— 1 2 o
THEN - FX form= " /> (2)(2.54) (23)(19.4)(0.1) COs(15°)
= - 278 pounds
.7)(19.4)(262) + (35)(2,610)/19.4

S= (1.7
= 13,350 square feet
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THEN :

THEN :
TEEN :

THEREFORE :

EQ (5-49)

=- 1 (2)(2.54)°(0.0023) (13, 350)
cos(15°) = - 191 pounds

I:x friction

FX or op = - 358 pounds

Fxc =-278-191-358=- 827 pounds

Fxcg = - (827)(2) = - 1,654 pounds

(iii) Current Yaw Monent: Find M,.:

e
c
M = F — |L
Xyc yc (LWL) wL
e

L—c- is found from Figure 59 for q,= 15°
wL

and Oc 195° and SS-212:

\

Note that the noment is symmetrical about the
vessel stem therefore, (e/L,) for g, = 195°
is equal to (e/L,) for g,= 360° - 193° = 165°

e
(L>= - 0.175 for q,= 195°
L

wL

Li ght - Loaded Condition at Low Tide:

®
i ) = 0.145 for q,= 15°
WL

Flood current ( q,= 15°)

Myc = (6.591)(0.145)(262)

= 2.5 x 10°f oot - pounds
Ebb current ( q,= 195°)

Myc = (- 6,591)(- 0.175) (262)
= 3.02 x 10°f oot - pounds

Fully Loaded Condition at Low Tide:

Flood current ( gq,= 15°)

Myc = (13,572)(0.145)(262)
= 5.16 x 10°f oot - pounds
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Ebb current ( gq,= 195°)

Myc = (13,572)(0.175)(262)
= 6.22 x 10°foot - pounds

(b) Current Load on AS-15: Step (2) of the pro-
cedure for nonidentical vessels is to estimate the
current |oads induced on the tender as a single
vessel

Current loads on the AS-15 were determned in
previous calcul ations.

(i) Light-Loaded Condition at Low Tide:

F
XC

- 4,053 pounds

ch 25,674 pounds
Fl ood current: N&yc = 2.14 x 10 f oot - pounds
Ebb current: N&yc = 1.068 x 10 f oot - pounds

(ii) Fully Loaded Condition at Low Tide:

=
XC

- 4,609 pounds

ch 54, 859 pounds

Fl ood current: “&yc = 4.56 x 10" foot-pounds
Ebb current: N&yc = 2.28 x 10 foot - pounds

(c) Total Longitudinal Load: Step (3) of the
procedure for nonidentical vessels is to add the
| ongi tudinal l|oads linearly:

Fec = F_(S5-597's) + F.(AS 15)

(i) Light-Loaded Condition:

Foo = 1,458 + (- 4,053) = - 5,511 pounds

(i) Fully Loaded Condition:

FXC =- 1,654 + (- 4,609) = - 6,263 pounds
(d) Conpare products (L, T) and beanms (B):

For the purpose of this exanple, conpare only
fully |oaded L, T:

26.5-242



EXAVPLE PROBLEM 3 ( Conti nued)

For AS-15: L, T = (520)(26) = 13,520 square feet

For SSN-597"s: L, T = (262)(19.4)
= 5,083 square feet

For AS-15: B = 73

For SSN-597's:  Conposite beam B = 61 feet
Conpar e:

(i) B (AS-15) = 73 feet > ¥4 B (SSN-S97 's)
= Y4 (61) = 15.25 feet

(i) L, T (AS-15) = 13,520 square feet>
L. T (SSN-597) = 5,083
square feet

Therefore, there is conplete sheltering, and the
lateral current [oad on the vessel group should be
taken as the larger of the loads on the SSN 597's or
AS-15 separately. Previous calcul ations indicate
that the [ateral current |oads on the AS-15 are
consi derably larger than those on the SSN-597's

al one. Because the lateral |oads on the AS 15
govern, the maxi num current nonent on the vesse
group will not be calcul ated.

(3) Load Conbinations:

(a) Lateral Load and Yaw Monent: Previous cal cul a-
tions indicate that lateral wind and current |oads on
the AS-15 alone will govern the lateral |oads on the
vessel group for operational conditions (35-mle-per-
hour wind and 1.5-knot current). Therefore, the
lateral |oads (and noments) on the AS-15 al one under

So-year design winds will govern the design of the
mooring conponents.

(b) Longitudinal Load:

(i) Light-Loaded Condition:

Vessel group F,.= F_ + F

XwW XxC

Fyp = - 14,095 + (- 5,511)

19, 606 pounds
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(i) Fully Loaded Condition:

Vessel

group F, = -

12,

290 + (- 6,263)

= - 18,553 pounds

The maxi mum val ue of F,on the AS-15 al one under
design conditions is given from Table 57:

Fo—r = -

XT

33,071 pounds

This value is larger than the maxi num F on the

vessel

group.

Therefore, the longitudinal |oads

on the AS-15 under design conditions govern

TABLE 57
Moori ng- Li ne Loads
Load Hl }% h& Fh Fg F%
Case Direction (pounds) (pounds) (pounds) (pounds) (pounds) (pounds)
N 33,071 17, 342 8, 332 -
Case 1 NE 31,895 112,494 48, 283 -
E 9,314 108,095 80,634 -
SE - 73, 364 69, 335 11, 674 -
S 28,515 15, 085 10, 589
SW 17,996 69, 171 60, 257
Case 2 W 1,208 - 87,387 101, 341
NW 20, 065 - 49, 686 93,013
N 30,350 37,030 17, 830 -
Case 3 NE 29, 307 115, 127 49, 022 -
E 9,276 110,830 75,925 -
SE 82,238 67,290 9, 342 -
S 26,309 32,230 22,630
Case 4 SW 16,978 76,085 62, 737
S€ w 58 - 86,704 100, 051
NW 16, 785 - 59, 227 90, 301
Maxi mum - 33,071 115,127 80,634 28,515 87,387 101, 341
5. Loads on Mboring Elenents: The nooring-line geometry is shown
in Figure 90. Moring-line |oads are analyzed using the procedure
outlined in Figure 68. For this exanple, d = 475 feet.
EQ (5-71) H= F,
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478 FT,

®

o
C.G.

o 0,0)

<

i ®
N (-2375,37)
L

~265,0)

®

NOTE: CHOCK COORDINATES FROM VESSEL CENTER
OF GRAVITY (C. G.) ARE GIVEN IN PARENTHESES

(-237.5-37)

FI GURE 90
Mooring Geonetry
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F,. M
EQ. (5-72) H= —H =3~

L

£Q (5-73) H="o - M

Line | oads for each of the cases in Table 48 are summarized in
Tabl e 57.

For exnple, SE wind; Case 1:
H,= 11, 674 pounds

H = 142,699 ,9.571 x 10°
2 475

73, 364 pounds

= 142,699 - 9.571 x 10°
H 5 N 69, 335 pounds

6. Design of Moring Conponents: For this exanple, the bow and
stern lines (1 and 4) and lines 2, 3 and 5, 6 will be designed
separately. Lines 1 and 4 will be designated |ongitudinal; I|ines
2, 3and 5, 6 will be designated |ateral

a. Select Chain and Fittings:

(1) Approxinmate Chain Tension: Find T. The maxi num
horizontal line |oads are given in Table 57.

EQ (5-78) T=112 H

(a) Longitudinal:

H,= 33,071 pounds

THEN T =(1.12)(33,071) = 37,040 pounds
(b) Lateral:
H2,3,5,6 = 115, 127 pounds

THEN: T (1.12)(115,127) = 128,942 pounds
(2) Maxi mum Al | owabl e Working |oad: Find T,,:

esign®

EQ (5-79) T = T/0 35

break

(a) Longitudinal:

Tye = 37,040/ 0 .35 -105,829 pounds

br eak

26.5- 246



EXAVMPLE PROBLEM 3 (Conti nued)

(b) Lateral:

Tbreak 128, 9420/ 0.35 - 368, 406 pounds

(3) Select Chain:

Sel ect chain from Tabl e 95 of DM 26. 6:

(a) Longitudinal: Use 1%inch chain with a breaking
strength of 130,070 pounds.

(b) Lateral: Use 2% inch chain with a breaking
strength of 403,100 pounds.

(4) Chain Weight:

EQ (5' 82 V\S/ubrrer ged = 8.26 d2

Longi t udi nal :

Wsubnerged = (8.26)(1.25)"= 12.9 pounds per foot
Lateral :

W
subnerged = (8.26)(2.25)° = 41.8 pounds per foot

b. Conpute Chain Length and Tension:

(1) Longitudinal:

(a) Gven:
(i) wd = 45 feet at high tide
(i) q,=0°
(iii) H = 33,071 pounds
(iv) w= 12.9 pounds per foot
This is Case | (Figure 72)
(b) Following the flowchart on Figure 72:
(i) q, 0°
(ii) ¢ = Hw= 33,071/12.9 = 2,563.6 feet
(iii) y, = ¢ +wl =2,563.6 + 45 = 2,608.6 feet
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v s, =32 - c? = f2,608.6)% - (2,563.6)°
= 482 feet

Det ermi ne nunber of shots:

482 feet/90 feet = 5.35; use 5.5 shots = 495 feet

2
S S
ab ab
(v) Xp = C lo | —+ (—c) + 1

495 495
Zap = 2,363.6 1n |55 \//2; 563. ;) +1

492 feet

Xab =
(vi) T, = (12.9)(2,608.6) = 33,651 pounds

33,651/0.35 = 96,146 pounds< 130,070 pounds; ok

(2) Lateral:

(a) Gven:

(b)

(i) wd = 45 feet at high tide
(i) q.=

(iii) H = 128,942 pounds

(iv) w = 41.8 pounds per foot
This is Case | (Figure 72)

Fol lowing the flow chart on Figure 72:

(i) a.=

(ii) ¢ = Hw=128,942/41.8 = 3,084.7 feet
(iii) y, =c+wd=30847+45=3,120.7 feet

2 2 2 2
(iv) S, -‘/;b -c =\/Q3,129.7) - (3,084.7)
= 528.8 feet

Det er mi ne nunber of shots:

528.8 feet/90 feet = 5.9; use 6 shots = 540 feet
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2
S S
ab ab
) Xgp = dn} (‘T) M

2
540 540
Xp = 3,084.7 ln jofmr— "/(‘5_7—,08 7) *1

xab = 537 feet

(Vi) T,= Wy, = (41.8)(3,129.7)
= 130, 821 pounds

130, 821/0. 35 = 373,776 pounds
<403, 100 pounds; ok

c. Anchor Selection: Following the flow chart on Figure 77

(1) Longitudinal

(a) Required holding capacity = 33,071 pounds

(b) Seafloor type is mud (given)

Depth of nud is 50 feet (given)

(c) Anchor type is Stato (given). From Table 18,
safe efficiency = 10

VWeight = 33,071/10 = 3,307 pounds = 3.3 kips

THEREFORE : Use 3,000-pound (3-kip) Stato anchor (although
slightly undersized, this anchor will be adequate and
its use is nore practical than using a 6, 000-pound
Stato anchor).

(d) Required sedinent depth: From Figure 80, the
maxi mum fluke-tip depth is 26.5 feet. Therefore, the
sedi nent depth (50 feet) is adequate.

(e) Dragdistance: From Figure 82, the normalized
anchor drag distance is:

D=4.5L

Calculate fluke length, L, using the equation from
Figure 82 for determining L for Stato anchors:

w 1/3

L =575 ()
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EXAVMPLE PROBLEM 3 (Conti nued)

SUBSTI TUTI NG

TEEN:

THEREFORE

SUBSTI TUTI NG

Use cal cul ated anchor weight, W in kips:
W= 3.3 kips
3.3 13
= (5.75)( 57) =5.9 feet
D= (4.5)(59) = 26.6 feet<50 feet; ok

Therefore, the drag distance is acceptable (maxinmm
is 50 feet).

Lat eral :

(a) Required holding capacity = 128,942 pounds

(b) Seafloor type is nud (given)

Depth of mud is 50 feet (given)

(c) Anchor type is Stato (given). From Table 18,
safe efficiency = 10

Weight = 128,942/10 = 12,894 pounds = 12.9 Kkips

Use 12, 000- pound (12-kip) Stato anchor (although
slightly undersized, this anchor will be adequate and
its use is nmore practical than using a 15, 000- pound
Stato anchor).

(d) Required sedinment depth: From Figure 80, the
maxi mum fluke-tip depth is 42 feet. Therefore, the
sedi ment depth (50 feet) is adequate.

(e) Drag distance: From Figure 82, the normalized
anchor drag distance is:

D=4.5L

Cal cul ate fluke length, L, using the equation from
Figure 82 for determning L for Stato anchors:

W 1/3
L= 5.75( 3)

Use cal cul ated anchor weight, W in kips:

We 12.9 Kips

L= (5.75)( 129 ) VS o
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EXAVMPLE PROBLEM 3 ( Cont i nued)

THEN: D=1(4.5)(9.4) = 42.3 feet <50 feet; ok

Therefore, the drag distance is acceptable (maximm
is 50 feet).
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EXAMPLE PROBLEM 3 (Conti nued)

The follow ng pages illustrate the use of the conmputer program described
in Appendix B to solve Exanple Problem 3. The first type of output fromthe
conputer provides |oad-deflection curves for the bow (and stem) lines and
the lateral lines. The second type of conputer output consists of a summary
of the mooring geometry and applied and distributed nooring | oads.
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LOAD-EXTENSION CURVE ANCHOR LEG TYPE 13

Chain length = 585 Weight/length = 18.6
Water depth = 52

Hor i z Vert Total Upper  Sinker Lower Anchor Chock-  Chock-

Force Force Force Chn Up Ht Chn Up Angle Buoy  Anchor
0 967 967 52.0 0.0 0.0 0.0 0.0 533.0

3701 gggg 4668  153.0 0.0 0.0 0.0 0.0 572.9
7402 1734 8370 210.0 0.0 0.0 0.0 0.0 576.3
11104 12071  254.5 0.0 0.0 0.0 0.0 577.9
14805 5438 15772 292.4 0.0 0.0 0.0 0.0 570.8
18506 gggé 19473  325.9 0.0 0.0 0.0 0.0 579.4
22207 1an 23174  356.2 0.0 0.0 0.0 0.0 579.9
25908 630 26876  384.1 0.0 0.0 0.0 0.0 580.3
29610 30577 410.2 0.0 0.0 0.0 0.0 580.6
33311 8085 34278  434.7 0.0 0.0 0.0 0.0 580.8
37012 8517 37979  457.9 0.0 0.0 0.0 0.0 581.1
40713 8927 41680 479.9 0.0 0.0 0.0 0.0 581.2
44414 9319 45382 501.0 0.0 0.0 0.0 0.0 581.4
48116 9696 49083 521.3 0.0 0.0 0.0 0.0 581.5
51817 10058 52784 540.8 0.0 0.0 0.0 0.0 581.7
55518 10408 56485 559.6 0.0 0.0 0.0 0.0 581.8
59219 10747 60186 577.8 0.0 0.0 0.0 0.0 581.9
62920 11076 63888 585.0 0.0 0.0 0.2 0.0 582.0
66622 11406 67591 585.0 0.0 0.0 0.5 0.0 582.0
70323 11735 71295 585.0 0.0 0.0 0.7 0.0 582.1
74024 12064 75001 585.0 0.0 0.0 0.9 0.0 582.2
77725 12394 78707 585.0 0.0 0.0 1.1 0.0 582.2
81426 12723 82414 585.0 0.0 0.0 1.3 0.0 582.3
85128 13053 86122 585.0 0.0 0.0 1.5 0.0 582.3
88829 13383 89831 585.0 0.0 0.0 1.6 0.0 582.3
92530 13712 93541 585.0 0.0 0.0 1.8 0.0 582.4
96231 14042 97250 585.0 0.0 0.0 1.9 0.0 582.4
99932 14372 100961 585.0 0.0 0.0 2.0 0.0 582.4
103634 14702 104671 585.0 0.0 0.0 2.1 0.0 582.4
107333 15031 108382 585.0 0.0 0.0 2.2 0.0 582.4
111036 15361 112094 585.0 0.0 0.0 2.3 0.0 582.5
114737 15691 115805 585.0 0.0 0.0 2.4 0.0 582.5
118438 16021 119517 585.0 0.0 0.0 2.5 0.0 582.5
122140 16351 123229 585.0 0.0 0.0 2.6 0.0 582.5
125841 16681 126942 585.0 0.0 0.0 2.6 0.0 582.5
129542 17011 130654 585.0 0.0 0.0 2.7 0.0 582.5
133243 17341 134367 585.0 0.0 0.0 2.8 0.0 582.5
136944 17671 138080 585.0 0.0 0.0 2.8 0.0 582.5
140646 18001 141793 585.0 0.0 0.0 2.9 0.0 582.5
144347 18331 145506 585.0 0.0 0.0 3.0 0.0 582.5
148048 18661 149220 585.0 0.0 0.0 3.0 0.0 582.6
151749 18992 152933 585.0 0.0 0.0 3.1 0.0 582.6
155450 19322 156647 585.0 0.0 0.0 3.1 0.0 582.6
159152 19652 160360 585.0 0.0 0.0 3.2 0.0 582.6
162853 19982 164074 585.0 0.0 0.0 3.2 0.0 582.6
166554 20312 167788 585.0 0.0 0.0 3.2 0.0 582.6
170255 20642 171502 585.0 0.0 0.0 3.3 0.0 582.6
173956 20972 175216 585.0 0.0 0.0 3.3 0.0 582.6
177658 21302 178930 585.0 0.0 0.0 3.4 0.0 582.6
181359 21633 182645  585.0 0.0 0.0 3.4 0.0 582.6
0 0.0 0. 0 3.4 0.0 6

185060 21963 186359 585. 582.
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LOAD-EXTENSION CURVE ANCHOR LEG TYPE 14

Chain length = 540 Weight/length = 41.8
Water depth = 52

Horiz Vert Tot al Upper Sinker Lower Anchor Chock- Chock-
Force Force Force Chn Up Ht Chn Up Angle Buoy Ahchor
0 2174 2174 52.0 0.0 0.0 0.0 0.0 488.0

8062 6306 10236 150.9 0.0 0.0 0.0 0.0 527.8
16124 8650 18298 206.9 0.0 0.0 0.0 0.0 531.2
24186 10482 26360 250.8 0.0 0.0 0.0 0.0 532.7
32248 12038 34422  288.0 0.0 0.0 0.0 0.0 533.7
40310 13415 42484  320.9 0.0 0.0 0.0 0.0 534.4
48372 14663 50546 350.8 0.0 0.0 0.0 0.0 534.8
56434 15813 58608 378.3 0.0 0.0 0.0 0.0 535.2
64496 16885 66670 403.9 0.0 0.0 0.0 0.0 535.5
72558 17893 74732  428.1 0.0 0.0 0.0 0.0 535.8
80620 18847 82794  450.9 0.0 0.0 0.0 0.0 536.0
88682 19755 90856 472.6 0.0 0.0 0.0 0.0 536.2
94744 20623 98918 493.4 0.0 0.0 0.0 0.0 536.3
104806 21455 106980 513.3 0.0 0.0 0.0 0.0 536.5
112868 22257 115042 532.5 0.0 0.0 0.0 0.0 536.6
120930 23036 123104 540.0 0.0 0.0 0.2 0.0 536.7
128992 23813 131172  540.0 0.0 0.0 0.6 0.0 536.8
137054 24590 139243 540.0 0.0 0.0 0.8 0.0 536.9
145116 25367 147317 540.0 0.0 0.0 1.1 0.0 537.0
153178 26145 155393  540.0 0.0 0.0 1.3 0.0 537.0
161240 26923 163472 540.0 0.0 0.0 1.5 0.0 537.1
169302 27701 171553  540.0 0.0 0.0 1.7 0.0 537.1
177364 28480 179636  540.0 0.0 0.0 1.9 0.0 537.1
105426 29258 187720 540.0 0.0 0.0 2.1 0.0 537.2
193488 30037 195805 540.0 0.0 0.0 2.2 0.0 537.2
201550 30815 203892  540.0 0.0 0.0 2.3 0.0 537.2
209612 31594 211980  s540.0 0.0 0.0 2.5 0.0 537.2
217674 32373 220068 540.0 0.0 0.0 2.6 0.0 537.3
223736 33152 228157 540.0 0.0 0.0 2.7 0.0 537.3
233798 33931 236247 540.0 0.0 0.0 2.8 0.0 537. 3
241860 34710 244338 540.0 0.0 0.0 2.9 0.0 537.3
249922 35489 252429  540. 0 0.0 0.0 3.0 0.0 537.3
257984 36269 260521 540.0 0.0 0.0 3.0 0.0 537.3
266046 37048 268613 540.0 0.0 0.0 3.1 0.0 537.3
274108 37827 276706 540.0 0.0 0.0 3.2 0.0 537.3
282170 30606 284799 540.0 0.0 0.0 3.3 0.0 537.3
290232 39386 292892  540.0 0.0 0.0 3.3 0.0 537.4
298294 40165 300986 540.0 0.0 0.0 3.4 0.0 537.4
306356 40945 309080 540.0 0.0 0.0 3.4 0.0 537.4
314418 41724 317174 540.0 0.0 0.0 3.5 0.0 537.4
322480 42504 325269 540.0 0.0 0.0 3.5 0.0 537.4
330542 43283 333364 540.0 0.0 0.0 3.6 0.0 537.4
338604 44063 341459 540.0 0.0 0.0 3.6 0.0 537.4
346666 44842 349554 540.0 0.0 0.0 3.7 0.0 537.4
354728 45622 357650 540.0 0.0 0.0 3.7 0.0 537.4
362790 46401 365745 540.0 0.0 0.0 3.8 0.0 537.4
370852 47181 37384 540.0 0.0 0.0 3.8 0.0 537.4
378914 47960 381937 540.0 0.0 0.0 3.8 0.0 537.4
306976 48740 390033 540.0 0.0 0.0 3.9 0.0 537.4
395038 49520 398130 540.0 0.0 0.0 3.9 0.0 537.4
0 0.0 0.0 3.9 0.0 4

403100 50299 406226 540. 537.
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MULTIPLE

ANCHOR LEG INPUT DATA:

Leg No. Chock Coords
X Y

1 265.0 0.0

2 273.5 -37.0

3 -273.5 -37.0

4 -265.0 0.0

s -273.5 37.0

6 273.5 37.0

RESULTS FOR LOAD CASE O

Applied Load

POINT MOORING ANALYSIS

EXAMPLE S

Leg
Angle

0.0
-90.0
-90.0
180.0
90.0
90.0

Preload

2000
2000
2000
2000
2000
2000

INITIAL POSITION

Load Error

Surge 0.000E+00 1.006E-02
Sway 0.000E+00 5.615E-03
Yaw 0.000E+00 -1.533E+00
Anchor Legs
Line Horizontal Anchor-
No. Load Chock
1 2000 554.6
2 2000 497.9
3 2000 497.9
4 2000 554, 6
5 2000 497.9
6 2000 497.9
RESULTS FOR LOAD CASE 1 MAX Y-LOAD

Appliod Load

Load Error

Surge -9.314E+03 1.238E+01
sway 1.888E+0O5 -1.607E+01
Yaw 6.522E+06 -1.159E+03
Anchor Legs

Line Horizontal Anchor-
No. Load Chock

1 3832 573.0

2 106507 536.5

3 82067 536.0

4 531 538 .7

5 0 460. 3

6 0 459 .8

26.5-255

Anchor Coords
X Y
819.6 0.0
273. 5 -534.9
-273.5 -534.9
-819.6 0.0
-273.5 534.9
273.5 534.9

Displacement

0.0
0.0
-0.0

Line
Angle

-0.0
-90.0
-90.0
100.0

90.0

90.0

Displacement

-17.2
36.1
0.1

Line
Angle

-3.8
-88.2
-88.2
184.0
87.9
87.9



MOORING ANALYSIS EXAMPLE 3 Page 2

RESULTS FOR LOAD CASE 2 MAX X-LOAD

Applied Load Load Error Displacement
Surge -3.307E+04 5.815E+00 -25.3
sway 2. 567E+04 -3.322E+01 31.0
Yaw 2.140E+06 2.383E+03 0.3

Anchor Legs

Line Horizontal Anchor- Line
No. Load chock Angle
1 31991 580.8 -3.2
2 15027 530. 7 -87.3
3 8933 528. 1 -87.3
4 0 530. 1 183. 2
5 0 468.9 86.9
6 0 466.3 86.9
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Appendi x A, BASI C CONCEPTS OF PROBABI LI TY

Mbst environnental conditions are randomy variable in nature;
hence, they are best treated in probabilistic terns. The probability of
an event is defined as the ratio of the nunber of tines, n, that event
occurred in Ntrials. This is witten as follows:

n
P(E) =N (A-1)
WHERE :  P(E) = probability that event E will occur
n = nunber of tinmes event E occurred
N = total nunmber of trials

The probability that event E will not occur is the conplenent of E and
s witten:

P(Ef =1 - P(E) (A-2)
\HERE : P(_S = probability that event E till not occur
P(E) = probability that event E wi Il occur

The probability of an event always takes on a number between O and
1, unless it is witten in percent. In this case, it takes on a value
between 0 and 100 percent. The sum of the probabilities of all events
is equal to 1 or, if witten in percent, 100 percent. It is often
desirable to know the probability that two (independent) events, E and
E,, wll occur sinultaneously. This is known as the joint probability
of E,and E,. This is witten as follows:

P(E,MNE,)) = [P(E) ] [P(E)] (A-3)

VWHERE : P(Elr\Ez) = joint probability of events E and E, occurring
si nul t aneousl y

P(E)

P(E)

The probability that a given random variable, X takes on a specified
value, x, is designated as P(X = x). An exanple of a plot of probability
P(X = x) for several values of x is shown in Figure A-1A. The probability
that a given randomvariable, X, is less than or equal to a specified
value, x, is known as the cunulative probability; cunulative probability
is designated as P(X < x). The cunulative probability may be eval uated
as follows:

probability that event Ewll occur

probability that event Ew Il occur

k
PXS ) = 2 B(X - x) (A-4)
i=1

WHERE: P(X < X) = cunul ative probability that variable X is |ess
than or equal to value x

A-1



P(X=x)

0.5

1

X
A— P(X=x) VERSUS x

P(X<x)

X

B—P(X=x) VERSUS x

FI GURE A-1
Exanpl e Plots of Probability for P(X = x) and P(X < X)
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P(x = x,) = probability that variable X will take on value x
An exanple plot of a cumulative distribution function is shown in Figure A-IB

The probability of exceedence is the probability that a variable,
X, is greater than or equal to X The probability of exceedence is given
as:

' k
S VRRRE "L LY (a5
VWHERE: P(x > x,) = probability of exceedence (probability that variable
X is greater than or equal to value Xk)

When the probability of exceedence of a given event is specified, the

reciprocal of that probability is the average return period, T, also
referred to as the recurrence interval

T=-1 1 A6
P(X>x) =1- P(x <Xx) (A-6)
WHERE : T = return period = recurrence interval

For exanple, if the probability that a wi ndspeed, V, equals or exceeds
50 knotsis 0.05, then, on the average, a w ndspeed greater than or
equal to 50 knots will occur once every 20 years:

P(V > 50 knots) = 0.05
1
0.05

The probability that a variable, X w1l not equal or exceed x in
any year is defined as:

THEN: T= = 20 years

P(x < x) = 1-7 (A7)

The probability that a variable, X, will not equal or exceed x in L
successive years is defined as:

P(X<X) "= (1 —%)L (A-8)

WHERE : P( X<X)"= probability that variable X will not equal or exceed
value x in L sucessive years

L = nunber of successive years

The probability that a variable, X, will equal or exceed x at |east once
in L successive years is referred to as risk, R and is defined as:

RIX > x) = 1- (1- = (A-9)

WHERE : R . risk (probability that variable X will equal or exceed val ue
X at least once in L successive years)

For exanple, suppose that, for a given |ocation, an 80-knot w nd has a
return period of 50 years. From Equation (A-6)
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1
TP(X > x)

|

SUBSTI TUTI NG 50 = BV >80 knots)

THEN : P(V > 80 knots) = 0.02

It is desired that a mooring located in the area have a design life of 5
years. Then the risk that the mooring will be subjected to a So-knot
wi nd at |east once in 5 years, using Equation (A-9) is:
1
R(V > 80 knots) =1 - (1 -gg °= 0.096 = 9.6 percent

Deternmining the probability of exceedence for wind events is useful
for the purposes of estimating the probability and the return period of
annual extreme events. Estinmating extreme wind conditions for the
purpose of mooring design is nost easily done through analysis of annua
maxi num val ues. In the analysis of annual maxinum values, an efficient
means of determning the probability of exceedence and return period of
those values is to use a “plotting fornula.” This technique involves
ranki ng the annual maximum data in either increasing or decreasing
order. The followi ng equation is then used to determine the probability
of each val ue:

P(x > x) =—— (A-10
N+ |
probability that the variable X will equal or exceed
the specified value x with rank m when the data are
ranked from hi ghest to |owest

VWHERE :  P(x > x)

rank of the val ue X

3
I

total nunmber of maxi num values in the record

The return period, T, associated with P(X > x) is then given by:

T = 1 (A-11)
WHERE : T = return period P(X > x)

Once the probabilities of each event have been determ ned, they are
plotted on probability paper. Figure A-2 presents an exanple of probability
paper based on the Gunbel extremal distribution, a comonly used distribution
for the analysis of extreme values. The equation for this distribution is:

a(X - u

P(X>x) =1-¢e[-e 1 (A-12)

WHERE ©  P(X > X) = probability that variable X will equal or exceed
a specified value x

e = base of natural logarithm= 2. 7182818
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1,282 (A 13)

a S
1 X -2
s "N -1 E (xi - x)° = standard deviation of the
i=1 data (A-14)
N = total nunber of occurrences
- 1 N
X - < x; = mean value of data (A-14)
i=1
U = X —0.277 (A 15)

Equation (A-12) can be used to plot a straight line on Figure A-2. The data
plotted fromthe “plotting fornula” procedure can be conpared to the straight-
line Gunmbel distribution plot to determne how well the data fit the Gunbel

di stribution.

METRI C EQUI VALENCE CHART. The following nmetric equivalents were devel oped in
accordance with ASTM E-621. These units are listed in the sequence in which
they appear in the text of Appendix A Conversions are approxinate.

50 knots
80 knots

25.5 neters per second
40.8 nmeters per second
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Appendi x B. COVPUTER PROGRAM DOCUMENTATI ON

1. MODEL DESCRIPTION. The mooring program package is a nenu-controlled
group of mcroprocessor prograns witten in Mcrosoft GBASIC for solution to
fixed- and fleet-mooring problems. Figure B-1 presents an outline of the
mooring program It can be used to determne forces and displacenents in the
mooring systens of ships subjected to horizontal static applied |oads. The
moorings may be conposed of nooring lines (hawsers) , anchor chains, and
fenders. The |oad-deflection characteristics of fenders and hawser materials
are entered as input. Anchor chains are conputed as catenari es.

Solutions are obtained iteratively, starting with the ship in an assuned
position relative to its nooring points. Reactive loads in the lines and
fenders are added successively to the applied forces to obtain the resultant
surge and sway forces and yaw nmonent on the ship. Derivatives of these force
components with respect to displacement in surge, sway, and yaw are al so
comput ed, and the Newt on-Raphson method (Gerald, 1980) is used to get an
approxi mation of the ship displacement which will bring the forces to equi-
librium The process is repeated with the ship in its new position, and
continued until the resultant forces are within tol erance.

Two solving prograns are provided. FLEET is used for nooring systens
whose el ements are all hawsers and anchor chains. The |legs may consist of
two different chain sizes with a sinker at the junction and may have a buoy
and a hawser. Fixed moorings made up of fenders and lines, as well as
chains, are solved using the program FIXEM  This program accounts for the
vertical positions of nooring points when conputing line stretch, and wll
compute line forces due to changing tide |evel

O her features of this nooring program package are: (a) screen display
of instructions for using programs, (b) separate entry and storage of |oad-
deflection curves for anchor chains, (c) entry of dimensionless |oad-
deflection tables for hawser materials, and (d) editing and storage of
probl eminput data sets (separate progranms for fleet and fixed moorings).

Figure B-2 is a definition sketch showi ng the nain dinmensional variables
used in the prograns. The coordinate system (referred to as the “gl oba
coordinate systent) is defined relative to the ship’s initial assumed posi-
tion, with the origin, O at the ship's center of gravity. The x-axis coin-
cides with the ship’s longitudinal axis; location of the y-axis is arbitrary,
but it is convenient to |locate the y-axis along the transverse axis of the
ship. Wen the ship noves as the result of unbalanced forces, the center of
gravity moves to a new | ocation, designated S and referred to as the ship
origin (or origin of ship local coordinate systemjy. Three variables are
needed to describe the new position: the surge displacenent, x, the sway
di spl acenent, y, and the yaw angle, 9. Positive yaw is neasured fromthe
positive x-axis toward the positive y-axis. The horizontal conponent of
tension in a nooring line, such as that shown as AC in Figure B-2, can be
determned as a function of the horizontal distance between the attachnent
point (chock) on the ship and the fixed anchor or nooring point. The pro-
cedure for conputing |oad-deflection curves is described later. The I|oad-
deflection curves are stored as series of |oad-distance pairs: Using
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MULTIPLE-POINT MOORING
ANALYSIS PROGRAM

"MENU"

"INSTRUC"

INSTRUCTIONS FOR

PROGRAM USE

“CATZ"
CATENARY ANALYSIS

"CURVES"

ENTER USER-IDENTIFIED
HAWSER MATERIAL

"SETUP®
ENTER INPUT DATA FOR
FLEET-MOORING ANALYSIS

"FIXSET"
ENTER INPUT DATA FOR
FIXED-MOORING ANALYSIS

"FLEET"
SOLVE FLEET-
MOORING PROBLEM

"FIXEM"
SOLVE FIXED~-
MOORING PROBLEM

PROGRAM OUTLINE

FIGURE B-1

Qutline of the Moring Program
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simple geonetry, the following steps |ead to expressions for the nooring-Iline
length and its direction:

X,= X,C0S (- y.,sin g (B-1)
y,= x, Sinqg+ycosq (B-2)
X .= X- X- X (&3)
Y3 Byl- y —yZ (B'4)
2 2
T =J% *t7, (B-5)
cos g4 =xé r (B-6)
SiX Q,=vy,/r (B-7)

NOTE: A list of synbols is provided at the end of this subsection.

The x- and y-conmponents of the force exerted by the nooring line on the

ship, and the nmonment (due to the mooring |ine) about the ship origin, S are
then given by:

H= f(r) (B-8)
F = HC@q3 (B-9)
F,=H sin q, (B-10)
M =F - B- 11
Xy y X2 nyz ( )

The derivatives of these force conponents with respect to x, y, and q
are also required. They are readily obtained by differentiating the above
expressions, as follows:

dr/dx = - cos q, (B- 12)
dr/dy = - sin q, (B- 13)
dg/dx = (sin qg)/r (B-14)
dg/dy = - (cos q)/r (B-15)
dr/d q=- Xsin g,+ y,c0S (Q,= - Xa (B-16)
dg/dqg=- (xcos g+ y,sinaqg)/r = - ylr (B-17)

H =f"(r) (B-18)
dF/dx = - H cos’q,- (Hr) si nzq3 (B-19)
dF/dy = [- H + (Hr)] sin g,cos g, (B-20)



dF/d q=- H x,cos qg,+ (Hr) y,sin q, (B-21)

dF/dy = - H sin’q,- (Hr) cos’q, (B-22)
dF/d q=- H x,sin q,- (Hr) y,cos q, (B-23)
dM,/d q= x,(dF/d q- F) - y,(dF/d q+ F) (B-24)
dF,/dx= dF/dy (B-25)
dM,/dx = dF/d q (B-26)
dM,/dy = dF/d g (B-27)

The total surge force on the ship is obtained by summ ng expressions
li ke Equations (B-9) through (B-n) over all of the nooring lines and adding
the applied x-force (due to wind and current). Total sway force and yaw
monent are conputed in the same way, and the derivative expressions are also
summed over all lines. It is assumed in the conputation that the applied
| oads renmmin constant during changes in ship position and orientation

The Newt on- Raphson method is used to arrive at values of x, y, and q
for which the total force and noment on the ship are zero. In the expres-
sions for the total differential of force conponents,

dF = (dF/dx) dx+ (dF/dy) dy + (dF/d q) d q (B-28)

the differential notions, dx, dy, and d q,are approximted by finite incre-

nents, Dx, Dy, and Dq,while the force differentials, dF,, dF, and dM,
are replaced by the force increments needed to bring the total force to zero:

(ZdF_/dx) Dx + (Zde/dy)Ay + (EdF_/a0) Do = -F_ -ZF_(B-29)

(ZdF /dx) Ox + (E4F_/dy) Ay + (ZdF /d0) Ao = - F,, -XF, (8-30)
d

y
(S am /Av) A~ + (M /4v) Av + (M /
¢x xyl ay, 7

This set of equations is solved for Dx, Dy, and Dg; the ship is noved to
X + Dx, y + Dy, and q+ Dqg,and the process is repeated until the conputed
total force conponents are all within the desired tolerance.

The expressions given above for moring-line forces and their deriva-
tives are applicable to hawsers and to anchor chains, both of which run
between a mooring point and a fixed chock on the ship. Conpressible fenders
wor k sonmewhat differently from hawsers and anchor chains in that the point of
contact of a conpressible fender with the ship’s hull is variable. Figure B-3
defines the geometry used in handling fenders. The fender is assuned to
occupy a relatively small volume and to be fixed in position against a wharf,
quay, or dolphin. The ship's topsides are assuned to be parallel to the
ship's axis wherever they conme in contact with a fender. Deflection of a
fender is the perpendicular distance fromthe fender location to the ship’'s
side. The fender reaction is a known function of deflection, and acts in the
opposite direction.
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Rel ationshi ps among various dinensions follow directly fromthe geonetry
of Figure B-3. Note that the dinensions X and y,serve to define both the
fender position and the ship’s beamin the vicinity of the fender. For this
reason, it is necessary, for purposes of the conputation, that the ship be
initially in contact with all active fenders. Expressions for the fender
deflection are given bel ow

Xp= (X - X) cs g+ (y,-y) sing (B-32)
Y= - (X - X)sing+ (y-y) osqg (B-33)
Y. = Y- Y, (B-34)

Fender force conponents and their derivatives becomne:

H="f(y,) (B-35)

F.= Hsin q (B-36)

F,= - HCOS q (B-37)

Mxy =- Hx, (B-38)

H = 1"(y) (B-39)
dF/dx = - H sin’qg (B- 40)
dF/dy = H sin qcos ¢ (B-4 1)
dF/d q= Hcos g+ H X,sin g (B-42)
dF/dy = - H COS'q (B-43)
dF/d gq= - Hsin q- H Xccos g (B-44)
dM/d q= Hy,- H X? (B-45)
dF/dx = dF/dy (B- 46)
dM/dx = dF/d g (B-47)
dM/dy = dF/d g (B-48)

These expressions are used for fenders in the sums which appear in Equa-
tions (B-29) through (B-31).

bad- def | ection curves for each line, chain, and fender in the nooring
system nust be available in order to proceed with the iterative conputation
described above. Curies for the three types of mooring units (fenders,
l'ines, and chains) are introduced in different ways. The fender curves are
entered manual ly as part of the input data set for fixed-nmooring problens.
Hawser curves are created within the program FI XEM Curves for anchor chains
are created by a separate program (CATZ) and saved on a disk file for subse-
quent use by the solving program (FLEET and FIXEM).
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The characteristics of a hawser as accepted by the prograns are illus-
trated in Figure B-4A. The line is assumed to be weightless. It runs from
the mooring point to a chock on the ship, and there may be additional on-deck
| ength between the chock and the point of attachment. The hawser nmay be nade
of elastic steel wire, or of other material for which a dimensionless |oad-
defl ection table has been furnished. |If the hawser is steel, it may have a
cordage tail. Chocks are frictionless. The dinmensionless |oad-deflection
tabl es used by the programs contain 21 fractional elongation values which
correspond to 5-percent increnments of breaking strength. In order to conpute
a hawser |oad-deflection curve, the breaking strength of the cordage portion
(if any) must be given, and the unstretched | engths of cordage and stee
sections are calculated fromgiven preload and initial line geometry. For a
steel hawser with a tail of unstretched length, L, the unstretched wre
length, La, is:

Lot Li- L [1 + g(P/B)]

La = .
1+P/AE (B-49)

The unstretched length, L, of a cordage hawser is:
L= (Lo+ L)/[I + g(PJB)I (B-50)

In either case, the |oad-deflection curve is then constructed by conputing
the horizontal distance between chock and nooring point and the horizonta
component of line load for 21 total line |oads between zero and breaking

strength. The total (stretched) line |length outboard of the chock, L, is:

L=L.[1 + (P/AE)] +L,[1 + 9g(P/B)] -L, (B-51)

and the horizontal projections of line, r, and load, H, are:
r= \)Lz- (2,- z.- 2,)° (B-52)
H=Pr /L (B-53)

Anchor chain |oad-deflection curves are conputed with the aid of cat-
enary equations. The nost general systemthat can be handl ed by the program
is shown in Figure B-4B. It consists of |ower and upper sections of chain
which can be of different weights, a sinker at the connection point, and a
hawser between the ship and the mooring buoy. Hawser characteristics are as
descri bed above, except that the total line |oad and outboard line length are
used in place of their horizontal projections (that is, the hawser is assumed
to run horizontally between buoy and ship). The buoy, if present, is assumed
always to renmain at the water surface

The horizontal length of chain systems subjected to given horizonta
| oad can be cal culated from sinple equations once the Iength of chain raised
off the bottom and the vertical force on the anchor are known. Four cases
must be distinguished: Case |--upper chain partly raised, Case 2--upper
chain conpletely raised but sinker on the bottom Case 3--lower chain partly
rai sed, and Case 4--lower chain conpletely raised. In conputing a |oad-
deflection curve, the four cases are exam ned in sequence to determ ne which
one prevails. As the load increases, fewer cases need to be considered. A
Newt on- Raphson met hod al gorithmis used to solve for raised chain length and
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vertical anchor load in Case 3 and Case 4, respectively. The equations used
are the follow ng:

Case 1: S, = JD(D+2C2) (B-54)
r=L+Ll+L2- S+ Clog [s/c,+ \)(52/02)2+ 1] (B-55)
Case 2V [(Dic) JH[(S/c)® - (Dc)] + 1+ (S/c)] 12 (B-56)
a,= v + LJ/c, > (B-57)

a + a, + 1
r=L + L+ c,log (B-58)

v + v +1
Case 3: a,= S/c, + WH (B-59)
a, =a, +L,/c (B-60)

2 1 2" "2 ,
cl"[\)(Sl/cl)z +1=-1] +¢, [\)az2 +1 -\)alz +1] =D (B-6 1)

(Solve for S by the New on-Raphson nethod. )

' 2
r=L+L ~-S§ +c log [SI/°1+\}(81/°1) + 1]

1 1

a, +, a22 + 1

<, log = (B-62)
2

a, + a, +1
Case 4 a,= v + L,/ c, (B-63)
a, = a+ WH (B-64)
=a, + L /c (B-65)

(Jl +1- >v2+1)+c (\)3 -0'1-\}:Z

(Sol ve for v by the Newt on- Raphson met hod.

i 3+ A’a32+ 1 (867

(B- 66)

r=L+c, log "'°1°8
4
v+\)v + 1 a2+va2+1
LI ST OF SYMBOLS
A cross-sectional area of steel hawser
a, a, a, intermediate variables in catenary equations
B breaki ng strength of cordage portion of hawser
c, ¢, catenary constants, equal to Hw, Hw
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wat er depth

el astic nmodul us of steel hawser

i *" force conponent

x- and y-conponents of force exerted on ship by mooring line

X- and y-conmponents of total applied |oad on ship (due to w nd.
and current)

hori zontal force in mooring line as function of chock-anchor
di stance

first derivative of function f(r)
hori zontal fender reaction as function of fender deflection

fractional extension of cordage material as function of
fractional |oad

hori zontal conponent of nooring-line |oad

derivative of horizontal nmooring-line load with respect to
chock-anchor distance (r) or fender deflection (y,)

true distance between chock on ship and mooring point
unstretched length of steel-wire hawser section

di stance between mooring chock and hawser attachnent point
on ship

unstretched | ength of cordage hawser or cordage hawser tai

di stance between chock and nooring point with ship at
initial position

| ength of anchor chain sections
yaw nonent on ship due to load in mooring |ine
yaw nonent due to applied |oads

origin of coordinate systemrelative to ship’s initia
position (gl obal coordinate system

tension in nooring line
mooring-line tension with ship at initial position (preload)

hori zontal distance between chock and anchor
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S origin of coordinate systemrelative to ship s displaced
position (ship local coordinate system

S, S, | ength of chain sections raised off bottom

Vv ratio of vertical force on anchor tohorizontal |oad
W submerged sinker wei ght

W, W subnerged wei ght of anchor chain per unit |ength

X, Y ship displacenent frominitial position in x- and y-directions

X., Y. Z coordinates of a nooring-line chock, relative to ship loca

origin
X,, Y, fender-position coordinates (in global system
X, VY. fender-position coordinates (in ship local system

X, Y. Z, coordinates of a mooring point or anchor (in global system

X, Y, X- and y-di stances between ship origin and nooring chock

X5 Y, X- and y-di stances between chock and anchor

Y, fender deflection, defined as perpendicul ar distance from
fender location to ship's side

z tide height

q yaw angl e of ship, relative to initial position

q hori zontal angle between mooring line and global x-axis

2. DETAILED PROCEDURE . The program di sk provided can be used directly with
a system consisting of an Apple Ile conmputer, Mcrosoft Prem um Z80 card, one
disk drive, and a printer. Wth other systems, the prograns may require
adaptation and editing. To use the prograns, insert the programdisk in
Drive AL Set the printer to print near the top edge,of a fresh sheet. (If
the printer is an Epson, the shiny netal shield on the printing head shoul d
have its upper edge lined up with a perforation.) Turn on power to the
conputer and printer. If the power is already on, insert the disk and press
the Control, Hollow Apple, and Reset keys simultaneously. The disk drive
wi Il operate, first booting the CP/M system fromthe disk, then loading in
GBASIC, and finally running the MENU program On the menu screen are nine
nunbered options. Solution of problens is acconplished by executing a
sequence of appropriate options fromthe nenu. The nenu screen returns on
conpl etion of each selection. To stop operation while a programis running,
press Control-C, if the conputer is waiting for input, press Control-C
Return. The options are nunmbered from O to 8. Their functions are as
fol |l ows:
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O Qit. Cears screen and returns conputer to GBASIC. MENU
program remai ns | oaded and can be started again by entering
RIN. Oher BASIC commands that may find use are FILES
(displays catalog of files on disk), KILL “filenange”

(deletes file fromdisk), NEW(w pes out currently | oaded
program), NAME “oldfile” AS "newfile” (renames file

on disk), and LOAD “filename” (|oads new program from

disk) . Refer to GBASIC reference manual for conplete inforna-
tion, including howto edit BASIC prograns.

1. Display Instructions (Program INSTRUC). Text of instructions
is read fromfile INFO and first page is displayed on screen.
User can flip pages forward or backward, or return to menu,
by pressing keys indicated at bottom of screen

2. Compute Anchor Chain Load-Extension Curves (Program CATZ).
This is a necessary prelimnary step for solving nmoorings
whi ch include catenary chains. Characteristics of the chain
systemare entered by user in response to pronpts on the
screen. Data itens to be entered are an | D nunber for
the chain system lengths and unit weights of upper and
| ower chain sections, sinker weight, hawser materia
code, length of hawser outboard of chock, ondeck hawser
l ength, and breaking strength. If the hawser material
Is steel, the cross-sectional area and elastic nodulus are
entered. Finally, the maxi num horizontal |oad and nunber of
increments to be used in defining the | oad-extension curve
are requested. The maxi mum nunber of points allowed by the
programis 200; normally 50 are nore than enough. The curve
is conputed, displayed, printed, if desired, and saved on
di sk under the file name CAT n, where “n” is the I D nunber
designated by user. Items in the printout table are
horizontal, vertical, and total load at the top of the
chain, lengths of |ower and upper chain raised off the
bottom height of sinker off bottom vertical angle of
chain at anchor, distance from chock to buoy, and
hori zontal distance from chock to anchor. The program
recycles for additional curves if requested. [f the ID nunber
entered is the sane as that of the previous curve, all other
data items will appear on the screen during input; they nmay be
| eft unchanged by pressing the Return key.

In systens which have no nooring buoy, the water depth
entered should be the actual depth plus the chock height.
(A small error is introduced by accepting the subnerged
chain weight for the exposed section.) Wen chains are used
in fixed systens, such as in a Mediterranean (Meal-type)
mooring, it should be remenbered that the solving pro-
gram has no way of correcting these preconputed |oad-
extension curves for changes in water depth due to
tide. Therefore, tide height should be included in
the depth when generating the curves. |f necessary,
several curves can be created for the sane system at
different tide |evels.

3. Enter Hawser Material Load-Extension Curves (Program CURVES)
Di nensi onl ess | oad-extension curves are required for
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nonel astic hawsers used in mooring systens. A materia
identification (1D) number, which nmust be in the range 4-20,
is entered. If it corresponds with a curve already on file,
the file is read and displayed on the screen. There are 21
val ues of percent elongation which correspond to 5-percent
increments in the ratio of line |load to breaking strength.
Val ues may be entered or edited with the aid of editing
commands shown at the top of the screen. They are “Space
Bar” (nove down one line), “/” (move up one line), “C
(clear whole file), “E (termnate editing and save edited
file), and “X' (cease editing and do not save). The series
of points is saved on a disk file named LINE n. Files LINE 2
and LINE 3, for nylon and pol ypropyl ene, respectively, are
already on the disk. Nunber 1 is reserved for steel, whose
el ongation is conputed within prograns CATZ and Fl XEM by
dividing the line tension by a cross section and elastic
modul us.  (This procedure can be applied to any material which
has a linear |oad-extension tune, merely by calling it “steel.”)
4, Enter Input Data for Fleet-Moring Problem (Program SETUP)
User provides input data in response to screen pronpts: file
name (if editing an existing file), job title, choice of
computing line loads at given ship position or conputing
equi librium position for given |oads, and error tolerances
for total force conponents and yaw nonent on ship. If an
existing file is being edited, the forner values wll appear
on the screen followng their respective data-entry pronpts.
If the old value is to remain, press the Return key; other-
w se, enter the new value (followed by the Return key). Wen
entering a short new value on top of a long old value, it is
not necessary to blank out the tail end of the old figures.
Note that the right arrow key cannot be used to copy portions
of an old data item from the screen

\Wen the above data have been entered, a new screen appears,
listing the old values (if any) for each anchor leg: |oad-
extension curve ID; x- and y-coordinates of chock; and two
nunbers, which nmay be either: (1) the x-and y-coordinates of
the anchor or (2) the anchor-leg pretension and its horizontal -
direction angle. The final colum contains a “l” or a “2,”

i n accordance with which of these alternatives applies.

Edi ting commands are shown at the top of the screen: “Space
Bar” (nove down one line), “/” (move up one line), “E" (edit
a line or enter new data), “I” (insert a line), “D (delete
aline), and “Q (leave the screen). Up to 29 legs nay be
ent er ed

The next screen displays the existing applied displacenent or
applied load sets (if any), in accordance with the choice
made on the first screen. For each case (up to a maxi num of
four), the data lines contain the name of the case, the
applied displacement (or force) in the x-direction, the y-

di spl acement (or force), and the applied yaw angle (or yaw ng
nmonent) . The sane editing conmands as provided with the
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previous display remain in force. The final screen provides
a chance to repeat the editing sequence fromthe beginning
and, if not, to save the edited file. A newnane may be
given to the edited file, otherwise, it will replace the
previous file of the same nane on the disk. To save (or |oad)
an input-data file fromthe second disk drive, prefix the
file name with “B:”. Note that the input data for a nooring
probl em nust be saved under some file name in order to be
accessible to the solving program

5. Enter Input Data Set for Fixed-Moring Problem (Program
FIXSET). Usage and screen formats for this option are
simlar to those of Qption 4. The first screen asks for the
name of the existing file to be edited (if any) , then the job
nane, tide height, and error tolerances for total force and
monment. Following this, the characteristics of each nooring
el ement are entered, with a fresh screen for each fender,
line, and chain. Command options available when editing an
el enent are displayed at the bottom of the screen. They are
“E" [edit (or enter) data], “S" (leave existing data for this
el ement intact and skip to next elenent), “X (delete this
element), and “Q (cease editing this type of element, |eaving
any unedited elenents intact, and proceed to next type).

Fender-input data are the x- and y-coordi nates of the fender
and its |oad-deflection curve. The curve consists of up to 11
pairs of |oad-deflection points: (load, deflection). The

| oads must be given in ascending order; the programw || not
accept a load smaller than the preceding one. |f the fender
has not been previously defined, its |oad-deflection curve nmay
be declared identical to that of the previous fender w thout
entry of the individual points. Up to 15 fenders nay be
entered

Hawser data requested are: material type; ondeck |ength and
tail length, if any; breaking strength; cross section and
el astic nmodul us of steel section, if any; preload; and x-,
y-, and z-coordinates of chock and of mporing point. The
program wi || accept up to 25 hawsers. Data for chains are:
I D number of catenary |oad-deflection curve; chock
coordinates (x and y); and either (x, y) anchor coordinates
or preload and horizontal angle of leg with x-axis. The
maxi mum nunber of chains is 15. In the next screen, the
applied-load sets (up to four) are entered or edited: |oad
case | abel, x-force, y-force, and yawi ng nonent. At this
point, the edit can be repeated or saved on disk

6. Solution of Fleet-Moring Problem (Program FLEET). The only
keyboard input required is the name of the input data file
(whi ch shoul d have been created by Option 4). If a fixed-
mooring input file (Option 5) is named, it will be rejected.
After reading the input file, the programattenpts to read
the catenary | oad-extension curves naned; if any are m ssing
fromthe disk, a message is printed and MENU is run. O herw se,
a list of the chock coordinates, anchor coordinates, preload,
and leg angle for each chain are printed. Printed results
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consist of two tables: (1) applied loads, total |oads

on ship, and displacenents in surge, sway, and yaw, and
(2) horizontal |oad, chock-anchor distance, and |ine angle
for each anchor leg. [|f the ship’s equilibrium position
and line |oads were chosen, the total l[oads would actually
be residual errors which should all be within the allowed
tolerance. In this case, also, the progress of the
iterative conmputation can be followed on the screen by

the values of the current displacenents which are dis-

pl ayed after each step. |If the specified tolerances are
zero, the programw |l use 0.5 percent of the applied

| oad and/or nonent.

Conputation will stop if the total force conponents have not
come within tolerance after 50 iterations. This can happen if
the mooring systemis exceptionally slack or if the tolerances
are very tight. The calculations are all carried out using 4-
byte, single-precision numbers, so that precision is |imted
to about six significant figures. Solution also fails if al
lines becone slack at any tine during the approach to
equilibrium In either of these cases, a nessage is printed
on the screen, and the systemthen returns to the MENU

7. Solve Fixed-Moring Problem (Program FI XEM. Characteristics
of this programare closely parallel to those of Option 6.
The only manual input is the nane of the input data file.
Three tables of input data are printed before cal cul ations
begin: (1) fender characteristics, consisting of the x- and
y-coordinates and the first and [ast points on the |oad-
defl ection tunes; (2) for each mooring line, the x-, y-and
z-coordi nates of chock and nooring point, and for each chain
the x- and y-coordi nates of chock and anchor; and
(3) physical characteristics of each line and chain. For
lines the physical characteristics consist of material-type
nunber, ondeck length, tail length, breaking strength, pre-
| oad, and the cross section and nodul us of steel sections.
For chains, the catenary |oad-extension |ID nunber, followed
by a “C,” is given in place of material-type nunber, and
only breaking strength and preload are given additionally.

The | oad-extension curves of all chains are read fromtheir
disk files before the solution proceeds. Curves for all
lines are conputed, making use of the dinensionless nateria
curves for nonelastic materials, which are also saved as
disk files. If any such disk file is mssing, a message is
di spl ayed, and control returns to the MENU. @G ven prel oads
are considered to be for zero tide, and the unstretched

Il engths of mporing lines are conmputed on that basis. How
ever, the | oad-extension curves are conputed with chock

el evations raised by the given tide height. Since the

| oad- extension curves of chains are precal cul ated, they can-
not be corrected for tide by the solving program therefore,
the tide should be included in the water depth used to com
pute the chain curves in the first place.
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Printed results begin with a table of applied |oads, tota
| oads, and displacements for the three horizontal degrees of
freedom Then follows a table of reaction, deflection, and
direction for fenders; horizontal |oad, total |oad, chock-
mooring point distance, and horizontal angle for |ines; and
hori zontal |oad, chock-anchor distance, and horizontal angle
for chains. Separate output tables are provided for each
| oad case, starting with Case O which is always for zero
applied load (but includes the effects of tide rise). Pro-
vision is made for nonconvergence in the same manner as with
Option 6, described above, but the problemrarely occurs with
fixed-mooring systens because they are stiff conpared to
fl eet-mooring systens.

8. Display Directory of Files on Disk. Lists names of all prograns
and data files on disk in Drive A

3.  PROGRAM SYNOPSES.

a. Program CATZ: Anchor-Chain Load-Extension Curves

Li ne Operati on
10- 60 Di mension arrays and set val ues of constants.
70-80 Print screen title and initialize variables.
90- 300 Enter input data.
310 Deternmine |load increment and al so interval between values to
be displayed.
320- 330 Print table headings on screen.
340- 440 If printout flag is set, print title and nmooring-I|eg
characteristics on printer.
450- 460 Conmpute | engths of raised chain, sinker height, and hawser
length for no I|oad.
470- 690 Conput e horizontal spread of anchor leg for nunber of
increnents requested. In particular
470 On first iteration (zero load), go directly to hawser
routine at Line 640.
480 Increment horizontal |oad and conpute catenary constants
| f upper chain is nmissing, go to Case 3 at Line 560
490 I f upper chain is conpletely raised, skip Case 1 and go
to Line 510.
500 Case 1. Conmpute raised chain length. If not conpletely

rai sed, conpute chain extension, then skip to Line 630.
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510

520

530

540

550

560- 570

580

590-610

620
630

640- 660

670

680- 690

700
710
720-730

740- 750
760-770
780- 800
810- 820

(1)

Comput e di nensi onl ess weight of raised chain. If
sinker is raised off bottom skip Case 2 and go to

Li ne 550.

Case 2. Conpute vertica
IS mssing, set vertica

and go to 540.

force on sinker. If lower chain
force on anchor to sinker force

If sinker lifting force is greater than sinker weight, go to

550.

Conpute chain extension and go to 630.

[f lower chain is conpletely raised, go to Case 4 at 590.

Case 3. CGo through the Newton-Raphson nethod, conputing
l ength of raised |ower chain, until error is within toler-

ance.

If lower chain is not conpletely raised, conpute chain

extension and go to 630.

Case 4. Do the Newt on-Raphson method to get vertical force

on anchor.

Conpute chain extension

Comput e verti cal

force at top of chain.

angl e of chain at anchor and vertica

Comput e extension of hawser and add to chain extension;
| oad in upper end of chain.

conpute tota

Pint [oad, extension,

print flag is

set.

and other data on printer if

[f print interval for screen display has been reached,

print data on

Ej ect page from

Screen.

printer.

Save | oad-extension curve on disk file.

Return to Line 70 if additional curves are requested;
ot herwi se, run MENU.

Subr out i nes:

Comput e extension of textile hawser.

Print continuation page heading

Enter or edit a data item

Error-processing

routine.
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(2) Program Vari abl es:

(a) Constants:

RD = 180/ pi F$, G print format imges
TL = 0.01
(b) Variables:
A A, A2 intermedi ate variables used in the New on-Raphson net hod
A3, M, AA al gorithm
B, B2, B3,
B4, BA, DF
F, Q
AG vertical angle of chain at anchor
AS steel hawser cross section
AS, H$, Y$ other internediate variabl es
B si nker wei ght
BB ratio of sinker weight to horizontal load = B/H
Bl si nker hei ght
BS hawser breaking strength
a, @ catenary constants, HW and H W2, respectively
DH | oad increnent
DK total |length of hawser + 100
DL ondeck | ength of hawser
DP wat er depth
EM stiffness of steel hawser = 100/ (ES x AS)
ES el astic modul us of steel hawser
FM maxi mum horizontal force to be used in conputing curve
H horizontal load in leg
I, J, JL counters
| G edit flag; if set to “l,” edit data set just entered
I P nunber of points conmputed between screen displays
IR flag set when sinker raised off bottom
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JI, JO screen tab positions

JP print flag, if set to “I,” print output on printer
KC | D number of computed | oad-extension curve
L1, L2 | engt hs of |ower and upper chain, respectively
Mr hawser material code
NP page nunber
NT nunber of increments in curve
R hori zontal distance from anchor to buoy
RF total load at top of chain
RH di stance from chock to buoy
RL unstretched hawser |ength, chock to buoy
S1, S2 | engt hs of raised | ower and upper chain, respectively
Vv sl ope of chain at anchor
VP sl ope of chain (or vertical force) at top of chain
V2 sl ope of chain right above sinker
VR ratio W/ W
W, W unit weights of |[ower and upper chain, respectively
(c) Arrays:
EL(I) Ith dimensionl ess el ongation value on curve for hawser
mat eri a
M (1) nane of Hawser Material |
[th

conput ed horizontal |oad and chock-anchor distance,
respectively

SC(1), RA(1)

b. Program FLEET: Fl eet-Moring Anal ysis

Li ne Qperation

10- 50 Set values of constants.

60- 80 Display title screen and enter input-data file name.

90-110 Read input file and dimension array variables in accordance

wi th number of nooring |egs. Count nunber of different
| oad- ext ensi on curves.
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120- 130 Di nension and read in |oad-extension curves
140 Print title.

150- 220 Compute either anchor coordinates or preload for each chain. |,
Al so, determ ne maxi mum and m ni mum x- and y-anchor
coordi nates. Set maxinum allowable x- and y-displacenent
correction to 0.125 times diagonal of anchor spread.

220- 250 Print mooring-leg input data.

260- 600 Carry out solution for each load case. In particular, if
computation of line forces for given displacenents has been
sel ected, then set displacenents to their input values and go
directly to Line 500. Qherwise, do iterations to get
equi li brium di spl acenents, starting at Line 270.

270- 280 Initialize displacements and | oads; conpute |oad error
tolerances if they are not specified; print |oad case
header on screen.

290- 380 Iterate up to 50 times to find equilibriumship position.
First, call force subroutine at 420, which returns total
| oads and derivatives. Then

300 Conpute determ nant of three simultaneous equations
giving displacenent corrections. If determnant is zero
print error message and run MENU

310 If errors are all within tolerances, stop iterating
and go to Line 500.

320 If past the tenth iteration, apply a factor to the
determi nant so that conputed displacement corrections
are reduced by 25 percent (to stifle oscillations).

330- 380 Solve for corrections and apply themto previous dis-
pl acements to get new values. Display displacenments on
screen. Recycle to Line 290 (unless the 50"
iteration has been reached; if it has, print message
and run MENU progran.

500- 590 Cal | force subroutine once and print out results.
600 Recycle to Line 260 for next |oad case, or run MENU program
when finished.

(1) Force Subroutine:

420- 490 This routine conputes and accunul ates nooring-line forces
and their six derivatives. In particular:
420 Initialize force and derivative suns.
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430- 440

450

460- 480
490
(2)
390- 410

610- 620
630- 640
650- 670

680

(3)

pi / 180
0.75
0. 005

3

AA, BB

AB, A$, 2,
G R S2, XA
XB, YA YB
CcC

DE

DX, DY, DZ

F$

For each mooring |eg, conpute horizontal chock-anchor
di stance and bearing. Call subroutine at 390 to get
hori zontal force

Compute and accunul ate force conponents and nonent. |f
completion flag is set, conpute anchor bearing angle; save
chock-anchor distance and bearing along with chain |oad, and
skip derivatives.

QO herw se conmpute and accunul ate derivatives.

Return when all |egs have been processed.

O her Subroutines:

Comput e horizontal force and its gradient from chock-anchor
di stance, using | oad-extension curve.

Comput e angle fromx- and y-offsets
Print continuation page heading.
Error-processing routine.

Rej ect bad input data file.

Program Vari abl es:

(a) Constants:

P2 = pil/2

RD = 180/ pi

F1$-F3$ print format images
(b) Undi nensioned Vari abl es:

applied surge and sway forces on ship, respectively

i ntermedi ate vari abl es

appl i ed yaw nmonent

determ nant of equations for displacenent corrections

di spl acenent corrections in surge, sway, and yaw,
respectively

yaw angl e

input file nane
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JB

JE

JL

IN$

NL

NP

RG

SM
SN,
SX,
™

>

T1
T2

X Y

cX

hori zontal mooring-line force on ship
sl ope of |oad-extension curve

x- and y-conponents of nooring-line force on ship,
respectively

counters and indices

conpletion flag; set to when | oad errors are within

t ol erance

convergence flag; set to when iteration count reaches 50
tab setting for printing job title

flag: if “O" conpute forces for given displacements;
if “I,” conpute displacenments for given forces

printed |ine counter

job title

hi ghest mooring-1eg nunber

hi ghest | oad-case nunber

page numnber

nunber of different mooring-leg curves, mnus 1
hori zontal chock-anchor distance of mooring |eg

di agonal of smallest rectangle that circunscribes al
anchors, divided by 8

total yaw nonent on ship

sine and cosine of chock-anchor bearing, respectively
sine and cosine of yaw angle, respectively

specified error tolerance for yaw noment

specified error tolerance for total surge and sway (x- and y-)
forces

error tolerance used for surge and sway forces
error tolerance used for yaw noment

surge and sway displacenments of ship, respectively
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XH, YH

X2, Y2

X3, Y3

Y., ZZ

K1)

PL(X)

SC(J, 1),
RAJ, 1)

XC(1), Y1)
X (1), Yi(I)
2%(0 or 1)

total surge and sway forces on ship, respectively
derivatives of tota

sway, and yaw,

surge force with respect to surge
respectively

x- and y-conponents of vector fromship origin to a nooring
chock

x- and y-conponents of vector from a mooring-line chock to
correspondi ng anchor
sway derivative of total sway force

derivatives of total sway force and yaw noment with
respect to yaw angle, respectively

(c) Arrays:
bearing angle of Leg |
| abel for Load Case

given yaw angle or yaw ng noment for Case |

given surge and sway (x- and y-)
| oads for Case |, respectively

applied displacenments or

horizontal load in Leg |

| D number of |oad-extension curve for Leg |

flag: (1) has value “I” if PL and AN are anchor coordi nates,
“2" if they are preload and bearing; (2) has value “I” if leg
| oad exceeds breaking strength, “O otherw se

I ndex nunber of |oad-extension curve for Leg |

col um headings “Total Load” and “Load Error”

nunber of points on Ith | oad- extension curve, mnus 1
(1) preload in Leg I; (2) chock-anchor distance of Leg

| oad and extension values of Curve |, respectively

chock coordinates of Leg |
anchor coordinates of Leg |

bl ank or star printed after mooring-leg |oad
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c. Program FI XEM Fixed-Moring Analysis

Li ne Qperation

10-90 Set val ues of constants.

100- 120 Print title screen and enter data file nane.

130-180 Read input file and dinmension array variables in accordance
wi th nunber of fenders, |ines, and chains.

190- 210 Count number of different hawser nmaterials and di mension

el ongation table.
220 Read nmaterial elongation table.
230- 250 Decode chain material codes to get curve |ID and coordi nate/

prel oad flag; count number of different chain | oad-extension
curves; dinmension and read curves.

260- 280 Comput e either anchor coordinates or preload for each chain.
290- 400 Print title and input data for fenders, lines, and chains.
410- 450 Cormpute unstretched lengths of hawsers and their |oad-
ext ension curves.
460- 900 Carry out solution for each load case. In particular:
460 Print title on screen.
470- 480 Initialize displacements and | oads; print |oad case

header on screen.

490- 570 Iterate up to 50 times to find equilibriumship position.
First call subroutine at 590, which returns total | oads
and their derivatives. Then:

490 Check whether total |oads are within tolerance.
they are, go to 580.

500 Conpute determ nant of three sinultaneous equations
giving displacenent corrections. |If determinant is
zero, print error nessage and run MENU, otherw se

510 | f beyond the seventh iteration, reduce displacement
corrections by 25 percent to suppress oscillations.

520- 540 Sol ve equati ons.
550- 570 Conput e new di spl acenents and display them recycle to
460 unless the 50 iteration has been reached
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580

790-900

(1)
590- 780

590
600- 610

620- 680

690- 700

710-760

770
780
910- 920
930- 940
950- 980

990

1000- 1010

1020

1030- 1050
1060- 1080

(3)

Pl = pi
DR= pi/ 180

Set conpletion flag and call force subroutine one nore
time, loading printout arrays. Go to 790

Print results.
Force Subroutine

This subroutine conputes and accumul ates the |ine forces
and their six derivatives. In particular:

Initialize suns of |oads and derivatives.
Conpute horizontal |ength of hawsers and chai ns.

Conput e and accunul ate hawser and chain | oads and deriva-
tives.

|f conpletion flag is set, conpute |ine bearing and tota
| oad; save these plus horizontal line length and | oad.

Conput e and accunul ate fender |oads and derivatives.

If completion flag is set, save fender |oad, deflection,
and direction.

Return to Line 490.
Gt her Subroutines:
Conpute an angle fromx, y offsets
Print new page heading.
Error-handling procedure.
Rej ect bad input file.

Conput e di nensionless load in hawser material fromfractiona
el ongat i on.

Rej ect slack hawser encountered during conputation of
unstretched |ength.

Compute preload in chain.

Conmput e chain load fromlength (during execution of force
subroutine)

Program Vari abl es:
(a) Constants:

P2
RD

pi/2
180/ pi

B- 26



o I
SR
11
coco
OoONO
o ol -
ol

AA, BB

AB, A%, CQ
G QR S
T, X4, XB,
YA, YB

CcC

CH

DE

DX, DY, DZ
E

F$

H

HP

JB
JL

IN$

NF

Ru = 0.00001
F1$- F10$ print format inages
(b) Undi nensioned Vari abl es:
applied surge and sway forces on ship, respectively

i ntermedi ate vari abl es

appl i ed yaw noment
chock hei ght

determ nant of equations for displacement corrections

di spl acenent corrections in surge, sway, and yaw, respectively

yaw angl e
input file name
hori zontal force exerted by line, chain, or fender on ship

sl ope of |oad-extension curve or of fender |oad-deflection
curve

H R

x- and y-conponents of line or fender force on ship,
respectively

counters and indices

completion flag; set to “I” when load errors are within
tol erance
convergence flag; set to “I” when iteration count reaches 50

tab position to print job title
printed |ine counter

job title

hi ghest nooring-1ine nunber
nunber of chains, mnus 1

hi ghest fender nunber
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NL

NM

NP

NZ

N1, N2
R

SM

SN, CS
Sx, &
™

TX

T1, T2
X Y
XH, YH
XX, XY,
X2, Y2
X3, Y3
YY

YZ, 72
T
AF(1)
AL(1)
AS(1)
BS(1)

hi ghest | oad-case nunber

number of hawser-material elongation curves

page numnber

number of catenary |oad-extension curves, mnus 1

nunbers of first and |ast chains, respectively

hori zontal chock-mooring point distance, or fender deflection
total yaw noment on ship

sine and cosine of chock-nooring point bearing, respectively
sine and cosine of yaw angle, respectively

specified error tolerance for yaw nonent

specified error tolerance for total surge and sway (x- and y-)
forces

error tolerances used for force conmponents and yaw nmonent,
respectively

surge and sway displacenents of ship, respectively
total surge and sway forces on ship, respectively

derivatives of total surge force with respect to surge, sway,
and yaw, respectively

x- and y-conmponents of vector fromship origin to chock
x- and y-conponents of vector from chock to nooring point
sway derivative of total sway force

derivatives of sway force and yaw noment with respect to yaw
angl e, respectively

tide height

(c) Arrays:

direction of |'"fender reaction
bearing angl e of |th line or chain

(1) cross section of I"line (if steel);
(2) total load in I'"line

breaki ng strength of |th line or chain

B- 28



FM1)

FX(1), FY(I)

HF(1)
HL(1)
KC(1)
KP(1)

TL(1)

XC(1),
Zo(1)

XE(1),

YC(1)

YF(1)

X(1),
71(1)

Y1(1),

Y(1)

| abel for Load Case

ondeck length of Moring Line |

th
J percent el ongation value on curve of Hawser Materia

Ith

el astic nodul us of line (if steel)

applied yawing noment in Load Case |

applied surge and sway (x- and y-) loads in Load Case |

respectively

reaction of |'"fender
hori zontal load in I™line or chain
material code of 1'"line or chain

Ith

overload flag; set equal to “I” if breaking strength of

l[ine or chain is exceeded

Ith

nunber of chai n | oad- ext ension curve encountered

number of | di mensionl ess hawser-material elongation curve

encount ered

number of points on | oad-deflection curve for Fender |

nunber of points on |oad-extension curve of | th chain, mnus 1

preload in Ith line or chain
th .

J | oad and extension val ues on Ith chain tune, respectively
th . th

J | oad and deflection values on curve of | fender,
respectively
th . o

J | oad and extension values on curve of |"line,

respectively

| ength of Mooring Line
th

tail

chock coordinates of | mooring line or chain

x- and y-coordinates of Fender

chain [X1(1) and
angl e of nooring

noor i ng- poi nt coordinates of |"line or
Y1(1) may al so be preload and horizonta
line I]

defl ection of |"fender
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Z$(0 orl) blank and star printed after |oads
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4. PROGRAM LI STI NG

10 REM MASTER MENU FOR MOORING PROGRAM PACKAGE

20 N=B: DIN BS(N): FOR 1=0 TO N: READ B$(I):NEIT

30 HOME: YTAB 3: WTAB 29: INVERSE: PRINT “sd# NODRING ANALYSIS #28°: NORMAL

40 VIAB 24: HTAD 59: PRINT *R & N Engrs. 12/64°:

SO VTAB 7: FOR I=0 TO N: WTAB 1A: PRINT USING °88' &°:1.°.°.B$(1): MEXT

60 PRINT: PRINT: PRINT TAB(21):°Selection: "

70 BEY A$: PRINT A$:: IF A$="0" THEN HDME: END

80 A=VAL(AS): O A GOTO 100,110,120,330,140,150,160.170

90 HTAB 36: GOTO 70

100 RUN "INSTRUC"

110 RUN "CATZ"

120 RUN “CURVES"

130 RUN "SETUP"

140 RUN "FIXSET"

150 RUN "FLEET"

160 RUN “FIXER”

170 HOME: FILES: PRINT: PRINT: HTAB 23: PRINT "Press any key“:: GET AS: GOTO 30
180 DATA *Quit®."Display imstructions®."Compute load-extension carve of anchor leg®."Enter load-extension turve for hawser saterial®
"Enter or edit fleet mooring input data"

190 DATA ‘Enter or edit fired mooring input data", Solve fleet mooring problem, Solve fixedmooring problems"”, Display list of files
on disk"
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10 REM  ROORING PROGRAM INSTRUCTIONS

20 K2=19: WP=1: BOSUB 130: OPEN "1°.81,°IWFU°: INPUT &1.M: DIN AS(W): FOR I1=0 TO M: LIME JNPUT 81.A${l): NEXT: CLOSE 4!

30 FOR I=Ki TO K2: PRINT AS(1): WEXT

40 VTAB 24: WTAR 1: INVERSE: PRINT * {Floruard
S0 IF Bs="F* OR B$="{" THEX $0

60 IF B$="B" DR Be="b" THEN 110

70 IF B${)°0" AND B$C)°q® THEN 40 ELSE RUN “FENU*
80 Ki=K1420: WP=WP+l: IF KI)N THEN Ki=0: #P={

90 K2=K1+19: IF K2)N THEN K2sN

100 BOSUB 130: 6010 30

110 K1sX1-20: WP=iP-1: IF KI<O THEN Kis0: NPsy

120 K2=K1+19: BOSUB 130: BOTO 30

D)ackward

®uit

®s: WORMAL: GET BS

130 HOME: HTAB 27: INVERSE: PRINT °WOORING PROGRAM INSTRUCTIONS®;: NORMAL: HTAB T2: PRINT “Page®;NP: PRINT: RETURN
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10 REM CATENARY AMCHOR LEGS

20 DEFINT I-K M-N: ON ERROR 60T 810

30 DIM RC(200),5C1200) (EL (20) RS (3): RD=180/3.14139: TL=.0f: JI=60: JD=J1-1

40 DEF FMS(R)=SQR(ReR¢1}: DEF FMA(R)=SOR(ROR+1)4R

S0 Fe="000Ris00 SHRCR3ISE SRRUNNNE GGMIBHNL.E GHRNNL.T DONEMN.T NNHNMLE

60 Bs=" SHEBLERE SORESE COMINENE 0000, 0 SR500.0 G0000. ¢ S000.1 BB000. 8 BSOS

70 HOWE: VTAB 2: KTAB 21: INVERSE: PRINT *st¢ CATENARY LDAD-EXTENSION CURVE #48°: MORMAL: WP=i: W=0: Vs=0: V2s0: W=0: AB=0: JP=0
80 PRINT: PRINT °* This sodule cosputes load-sxteasion curves for anchor legs comsisting®: PRINT “of & lower chain, a sieker, an
upper chain, and a hawser.®: PRINT

20 PRINT * Input data:®: KTAB 16: PRINT *Catenary leg susber®;: A=KC: BOSUB 780: IF ACOKC THEN IB=0

100 KC=A: IF KCCO OR KC>20 THEN 90 ELSE PRINT

110 HTAB 16: PRINT “Mater depth®;: A=DP: GOSUB 780: DP=A: IF DP(=0 THEN 110 ELSE PRINT

120 KTAB 16: PRINT “Upper chain length®;: A=L2: GOSUB 780: L2=A: IF L2)0 THEN PRINT: HTAB 16t PRINT “Upper chain weight/length®;: &=
¥2: 60SUB 780: M2sA: ELSE L2s0

130 PRINT: HYAB 14: PRINT *Sioker weight®;: A=B: GOSUB 780: B=A: PRINT

140 HTAB 16: PRINT “Lower chain lesgth®;: Asii: GOSUB 780: LisA: IF L1)0 THEN PRINT: WTAS 14t PRINT °Lower chain weight/length®;: A=
¥1: GOSUB 780: Mi=A: ELSE Lis0

150 PRINT: IF L1+4L2¢DP THEM PRINT: HTAB 14: INPUT;"Chain won't reach bottos. Press RETURN to start over.  °,A$: GOTO 70

160 PRINT: NTAB 14: PRINT °Howser saterial: (0) Nome®: HTAB 34: PRINT °(1) Steel®: NTAB 34: PRINT “(2) Mylen": KTAB 34: PRINT *(3)
Polypropylene®: HTAB 33: PRINT °(4-20) User defimad®: VTAB VPOS(0)-2

170 VTAB VPDS(0)-1: A=NT: GOSUB 780: Wi=A: PRINT: IF WTCO OR NT)20 THEN {70

180 IF WT)§ THEN OPEN °I°,.81,°LINE®+STRS(NT): FOR J=0 YD 20: INPUT #1,EL(I): WEXT: CLOSE 81

190 VIAB VPOS(0)+3: MTAB 16: PRINT SPC(80);: ON Mi+1 BOTO 240,230

200 HTAB 16: PRINT "Hawser breaking strength®;: AsBS: BOSUB 780: BS=A: IF BS(=0 THEN 200 ELSE PRINT

210 HTAB 16: PRINT "Hawser length, chock to buoy®;: A=RL: GOSUB 780: RisA: IF RLCO THEN 210 ELSE PRINT

220 KTAB 16: PRINT “Hawser Jength, on deck®;: A=DL: GOSUB 780: Bi=A: IF DLCO THEN 220 ELSE PRINT: PRINT: 60TD 27¢

230 HTAB 16: PRINT *Cross-sectional area®;: A=AS: GOSUB 7BO: ASsA: IF AS(=0 THEN 230

240 PRINT: HTAB 16: PRINT °Elastic modulus®;: A=ES: GOSUB 7BO: ES=A: IF ES(=0 THMEN 240

250 PRINT: EM=100/(ES#AS): BOTD 200

260 RL=0: DL=0

270 HTAB 16: PRINT *Max. horizontal load®;: AsFN: GOSUB 780: FisA: IF FN(s0 THEN 270 ELSE PRINT

280 IF BSCFN AND NTXO THEW FitsBS

290 HTAB 16: PRINT *Nusber of incresents®;: A=NT: BOSUB 780: NT=A: IF NTC1 OR WT)200 THEN 290 ELSE PRINT

300 HTAB 16: PRINT *Print out load-mxtension curve (Y/M) ?°;3 HTAB JI: PRINT Y$;: HTAB 31: IMPUT®".AS: IF A$C)"° THEN Y$=A$

351G DH=FN/NT: IP=(NT+1)\19+1: HDME: I6=1: JP=(Y$="Y" DR Y$z"y*): IF Wi=0 THEN W1=TL

320 PRINT *  Moriz Vert Total Lifted Anchor Chock- Chock-*

330 PRINT *  Force Force Force Chain fngle Buoy fnchor®: IF W2s0 THEN W2=TL

340 IF JP=0 THEN 450

350 Ms(1)="Steel®: N$(2)="Nylon®: WN$(3)=°Polypropylese®: LPRINT: LPRINT: LPRINT TAB(10);"LOAD-EXTENSION CURVE®;TAB(62); ANCHOR LEG T
YPE*;KC: LPRINT: Jisd

340 IF L14L2=0 THEN 390 ELSE IF L2=0 THEN LPRINT TAB(18);°Chain lemgth =°;L1;TAB(S51); "Weight/length =j¥1: JL=JL+!: BOTD 390

370 IF Lis0 THEN LPRINT TAB(1B);°Chain length =°;12; TAB(S1); Neight/length =*;M2: JL=JL+1: 5OTD 390

380 LPRINT TAB(1B);°Upper chain length =*;L2; TAB(S1); Weight/length =°;¥2: LPRINT TAB(1B); Lower chain length =*3L1;TAB(SI); Neight/
leagth =*;81: JL=JL+2

390 JL=JL+1: LPRINT TAB(1B); Mater depth =*;DP;: IF B)0 THEN LPRINT TAB(S1);*Siaker weight =°;B ELSE LPRINT

400 IF NT=0 THEX 440

410 IF MT(4 THEN He=MS (MT) ELSE M$="Line®+STRS (MT)

420 LPRINT: LPRINT TAB(i8);H$;* hawser, ®;: IF HT=1 THEM LPRINT "area x scdulus =°;AS#ES ELSE LPRINT “breaking strength =°;BS

430 LPRINT TAB(18);°Chock to buoy =*;RL;TAB(51);°0n-deck length =°;DL: JL=IL43

440 BOSUB 770: JL=lL#4

450 PRINT: AfsLi: BI=0: A2=L2-DP: IF A2(0 THEN Bl=-A2: A1=A1+A2: A2:0: VF=B

460 R=R1¢A2: S2=12-R2: SizLi-Al: VF=VF+SIeM{+S2042: RH=RL: WR=M1/M2: BK=.01#{RL+DL}: IR=SBN(S1)

470 FOR =0 TO NT: IF J=0 THEN 640

480 HW=N+DH: Ci=H/W1: C2=H/M2: BB=B/H: IF L2=0 THEN 540

490 IF §2=02 THEN 510

S00 S2=SQR (DP# (DP+L24L2)): IF S2(=L2 THEN VF=52/C2: R=L14L2-52¢C24LO6(FMA(VF)): BOTD 430 ELSE S2sL2

510 A2=52/C2: IF IR THEN 550
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$20 M=DP/C2: ¥2=,58 (AMSOR(A/ (A20A2-AASAA) +1)-A2)s IF L1s0 THEN V=V2: GOTD 540

$30 IF V2)B8 THEN IR=]: BOTD 350

S40 VP=V24A2: Rl 1+C2¢006 (FWA (VF) /FNA(V2)): GOTD 430

30 IF Sisl1 THEN 5%0

S60 A1=51/C1: BIsFUS(A1): MAI+BD: DASFIS (AR): ASsAMYAZ: BIsFUE(AS): BI=Cle(Bi-1)

S70 FaDP-DI-C28(B3-BA): IF ABS(F))TL THEN DFsA1/BIMRE (AS/BI-AR/BR): $1aSI+F/DF: GDTD 340

S80 IF §$1<=L1 THEN VF=A3: R=L1-51+C10006 (FIA(A1))+C24L0G (FNACVF) /FNA(AA) ) §OTO 630 ELSE Sisi)

370 A1251/C1

600 BIsFUS(V): A3sVeAl: D3sFES(AS): MoATADE: BAFNS(AA): MuAMeA2: BAsFIS(A4): BI=C1#103-31)

610 F=DP-BI-C2¢(D4-DA): IF ABS(FIOTL THEN DF=C18 (AS/B3-V/B1)4C2¢ (M/DA-AA/BA): VeV4F/BF: BOTD 600

620 YFaAd: R=C16L06 (FNACAS) /FNA (V) )4C200.06 (FNAIVF) /FINA (AA) )

£30 ASsRDSATM(V): VE=UFsY

640 IF NI=0 THEN 660

630 IF WT=1 THEN RtsRL+HeENSDK ELSE SOSUB 740

&40 B=R40U: BE-CORIUCIUCIMALY s BO(Tiell: RC(J)el

670 IF 3P THEN LPRINT USING BS;H,VF RF,52,81,51,A6,M4,R: JL=diel: IF JL)SY AMD NT-1)2 TMENM GOSUB 740

680 J=J WOD 1P: IF 1=0 THEN PRINT USING F8;H,VF RF S1¢82,A5,RH,R

%0 WXT: IF 1 THEW PRINT USIND F3;H,VF W ,51+32,A0,RH,K

700 IF JP THEN LPRINT CHRS(12);

710 DPEN °D*,81,°CAT°+STRS (KC): PRINTOI, NT: FOR Is0 TD WT: WRITES!,SC(I),RCCIS: MEXT I: CLOSE 1

T20 PRINT: PRINT TAB(14);°Continue with anchor leg éefimition (Y/N} ? %ss GET AS: IF A8="N" SR AS="n" THEN RUM °*NEWU"

T30 IF A$="Y" OR A$="y" THEN 70 ELSE 720

T80 R=H/BS#20: I=INT(Q)-19: 1s20+,5#(1-A35(1))

750 RH=EL(1)¢(EL(1)=EL(3=1))8(0-1): RMsRLORHEDK: RETURN

T60 WPsiP+1: JL=7: LPRINT CMR$(12): LPRINT: LPRINT TAB(10); "Machor Leg Type®;KC;TAB(74); Page” ;W

T70 LPRINT: LPRINT TAB(10}:°Horiz  Vert  Total Usper Siaker Lower Mnchor Chock- Chock-®: LPRINT TAB{10);°Force Force
Force Chn Up Ht Cha tp Mngle Buoy Machor®: LPRINT: RETURN

T80 IF 16 THEW HTAB J0: PRINT A;

790 HTAR JI: INPUT; "% Ad: IF AS()°" DR IBa=0 TMEM A=VAL (A€): MTAR J0: PRINT SPC(10): WTAR JB: PRINT 4;

€00 RETURN

810 IF ERR=33 MD ERL=1B0 THEN VTAB VPOS(0)+3: HYAB 16: PRINT *Load-extemsion curve for Line®sNT;*not found. Try amother?";: VIAB WP

ABIAL_T. BESIME (TFA
UIWVITd RROWK LIV

$20 OX ERROR 6070 ¢
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10 REM  LOAD-BEFLECTION CURVE INPUY
20 ON ERROR GDTO 290: DIM 1(20): B$=STRING$(20,° °): WOME: VIAB 2: WTAD 22: IWVERSE: PRINT “s¢s LOAD-DEFLECTION CURVE EDITOR ses: M
ORMAL

30 VTAB 5: PRINT * Use this sodule to ester or edit load-deflection curves. Provide s PRINT °  percent elongation for load
istervals of 51 of breaking strength.®
4 VIAB 8: PRINT ¢ Cossands: (Space! fove down®: HTAB 295 PRINT*/ fove sp®: HTAR2%: PRINT °f Clear $ile®:

TAS 29: PRINT °X Cancel adit®: WTAB 29: PRINT °E Enter adit®: PRINT

50 HTAB 9: PRINT *Continue with curve editing (Y/N) 2  ®j: GET AS: PRINT A$;: IF AS2°Y® OR Ass'y" THEX B0
#0 IF ASCO°K® AND AS{)*n" THEN SO ELSE RN “MEWS*

70 JFs0: HOME: VTAB 3: GOTO 30

20 PRINT: PRINT
90 HTAD {: DWPUT:* Corve susber (4-20) 7 ° 6F: PRINT 8%:: IF MF(H OR WF)20 THEM 90

100 WTAB 34: PRINT WF;BS: Fe=LINE*+STRS$(NF): OPEN °I°.41,F8: FOR xso T0 20: INPUTH1,X(I): MEXT: CLOSE 81: JF=]
110 NOME: INVERSE: PRIT * () Down Ny Cilear ¢ile (X} Concel edit (E)nter odit °: NORMAL
[ -3 TAR

L]
120 PRINT: PRINT TABI20:; Lsad, I Sveak Str° 512 Elongation®
"
9

«TAR A
PR AN
130 Med: FOR I=0 TO 20: VTAR W: WTAB 25: PRINT Sel;: IF JF THEN PRINT TAB(49);X(1);
140 Mshel: NEIT: Nsd: VTAB M: KTAB S0
150 BET AS: IF A%=" * THER 150 ELSE IF R#=°/" TWEN Zi0 BLSE IF #e="L"
$=°1° OR A$="x" THEN FOR I=0 TO 20: I(])=0: MEIT: GOTD 70
160 A=ASCIAS): IF AK4b DR A)57 THEN 150
170 PRINT A8;: IWPUT; ", 08: AsVAL (AS$+0$}
180 HTAB 49: PRINT A;B$;: I(M-4)=A: HTAR 30
190 ReMel: IF M=25 THEN M=
200 VTAB X: 8OTD 130
210 N=-1: IF M= THEN B=24
220 VTAD K: 60TO0 1350
230 M=4: FOR 1=0 TO 20: X(1}=0: VIAB M: HTAB 4%9: PRINT B$;: Meft+l: NEXT

200 =4 VTAB M: HTAR 50: 807D 150
250 3F=i: LILL F$

Ai="c® THEN 230 ELSE

If =g

260 FOR 120 10 20: IF 1(1)=0 THEN WEIT: BOTO 70
270 FOR =1 T0 20: IF T(I))Z(I-1) THEN MEXT ELSE 320
280 OPEX *0°,81,F%: FUR 1s0 TO 20: PRINTSL,X(I): NEXT: CLOSE 81: 8070 70

290 1F ERRC)SS THEN 310

300 IF ERL=100 THEN RESUME 130 ELSE RESUME 260

310 ON ERROR 807D 0

320 HOME: VTAE B: PRINT TAB(11);°Curve sust increase sonotonically. Revise or cancel.®: PRINT: PRINT TAB(11);*Press any key to cont

inwe, “;: BET As: D70 110
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10 RE®  FLEET WDORING DATA INPUT

20 OM ERROR GOTO 490: BOSUB 680: VTAD 6: PRINT TAB(11):°This section creates and edits input data sets.®: DEF FIN(X)=.5¢(X-ABS(I))
30 DIN W(5,30),X(2,4) MB(S) MC(2),C8(4) ,T8(1): JE=1: T$(0)="DISPLACEMENT®: T$(1)s*APPLIED LOAD®: FOR Is0 TO 5: READ WB(I): MEXT: REA
D NCI0),MC(1) MC(2): DATA 15,25,36,47,59,72,41,34,67: 33=10

40 VTAB B: HTAB 1l: PRINT °Edit existing iaput data (¥/K) ? ®s2 BET AS: IF AS=°N° OR As="a" THEM B0

S0 HTAB 50: PRINT A$;: IF ASC)°Y® AND AS()"y" THEN 40

60 VTAB 10: NTAB 33: INPUT;"*File nase: o Fs: OPEN °I°,81,F$: INPUT €1,A8: IF ASC)°SSS® TMEN 720 ELSE IWPUT 41,JR$,JE,TI, THAN
L: N=N+i: FOR I=1 TO N: FOR J=0 TO 3: IWPUT &1,M(J,I): MEXT: NEXY

70 FOR I=1 TD WL: INPUT #1,C$(1): FOR J=0 TO 2: INPUT 81,X43,1): NEXT: MEXT: CLOSE 81

80 GOSUB 6B0: VTAB S5: PRINT TAB(16);"Seneral Bata.®: PRINT: PRINT: PRINT TAB(16);°Job nase:*;TABISO0);3%¢ -
90 PRINT: PRINT TAB(16);"Cospute forces with vessel at:®: PRINT TAB(26);°(1) Given displacesests®: PRINT TAB(26);°(2) Equilibrive po
sition®; TAB(59);JE

100 IF JE=2 THER BOSUB 400

110 VTAB 5: HTAB 36: PRINT ®Edit this part (V/X) ? *12 GET AS: JF AS=°N° OR A$="n" THEN 160

120 IF ASOO°Y® MID ASC)*y" THEK 110

130 HTAB 31: PRINT B$: VIAB B: HTAB 50: LINE INPUT;AS: IF ASC)°° THEN JN$=A$

140 (=59: VIRE 12: V&JE: 6i0: JEsV: IF JECL OK JEIZ THEN i40

150 IF JE=2 THEN BOSUB #00: VTAB 15: V=TI: GOSUB 610: TX=V: VTAB 16: V=TN: SOSUB 610: THsV

160 10=0: SOSUB 630: I=i: JJs=8

170 VTAB I-10+4: HTAB S: PRINT I3: HTAB 6: BET A$

180 IF AS=" ° THEN 220 ELSE IF A$="/" THEN 240 ELSE IF A$=°1" OR A$="i® THEN 260 ELSE IF A$=°D" DR A$="d° THEN 300 ELSE IF As="Q° DR
As="g® THEN 340 ELSE IF ASCOE® AND AS<>*e® THEM 170

190 FOR J=0 TO S: LsMB(J): V=l(),1): BOSUB 610: 8(J,1)=V: JEIT

200 IF V<1 OR V)2 THEN L=NB(S): GOSUB $10: W(S,1)=V: 8OTO 200

210 IF IXK THEN M=]

220 IF I<M+1 THEM IsI+f: IF 1329 THEN I=I1D¢i ELSE IF 1)ID¢19 THEN 10=10: GOSUB 650

230 8010 {70

240 I=1-1: IF 11 THEN I=X2 ELSE IF I<I0+1 THEN 10=0: GOSUB 450

230 8070 170

260 IF N=29 THEN 170

270 M=ii+1: K2xK2-10-18: K2=FMN(K2)+10+19: FOR X=X TO I+i STEP-§: FOR J=C TD S: M(J,K)=¥(J K-1): WEXT

280 IF K(=K2 AND X)I0 THEN VTAB K-10+4: WTAB S: PRINT K;SPC(68);: MTAB 10: FOR J=0 TO 5: PRINT TAB(MB(J1)j¥(J,K);: REXT

290 NEXT: VTAB I-I0+4: HTAB 30: PRINT SPC(68);: FOR J=0 TO 5: W(J,1)=0: NEIT: 6OT0 190

300 N=N-1: FOR K=I TD N: FOR J=0 T0 5: #(J,Kis¥(] K¢1): MEIT

310 IF K<=K2 THEN HTAB 15: PRINT SPC(44);: FOR J=0 TD S: WTAB MB(J): PRINT W(J,K);: MEXT: PRINT

320 MEIT: FOR J=0 TO S: W(J,K)=0: NEXT: IF W(=K2 THEW HTAB 15: PRINT SPC{b4i;

330 BOTO 170
340 MOME: PRINT TS(JE-1);" DATA  °;: BOSUB 640: 33=13
350 VIAB 5: PRINT * Case 8 Label®;: IF JEx1 THEM PRINT TAB(41);°X Displ Y Displ Rotation® ELSE PRINT TAB(41)

3°I Force Y Force fosent *

360 PRINT: FOR I=1 TD ML: PRINT TAB(S)I;TABC1S);C8(I);: FOR J=0 TO 2: PRINT TABINC(J));X(J,1);: WEXT: PRINT: MEXT: I=f

370 VIAB 1+4: WTAB S: PRINT I;: HTAD &: GET A$

380 JF AS$=" * THEN 410 ELSE IF AS=°/* TMEWN 440 ELSE IF A$="I" DR A$="i" THEN 460 ELSE IF A$z°D* OR As="d" TMEN 490 ELSE IF Ass"0° OR
A$=*g® THEN S10 ELSE IF AS$C)E® AMD AS()"e® THEM 370

390 HTAD 1S: LINE INPUT;AS: IF A$)"" THEN C$(1)=A$: HTAB 15: PRINT SPC(27);: HTAB 13: PRINT ‘AS;

400 FOR 3=0 TO 2: LsMC(J}: V¥=X(J,1): GOSUB 410: X(3,1)s¥: MEIT

410 IF IDML THEN NL=]

420 IF ICNL+1 THEN I=lef: IF ID4 THEN I=t

430 BOTD 370

440 I1=I-1: IF I<1 THEN IsL+l: IF ID& THEN Is=d

456 8070 370

460 1F ML=4 THEN 370

470 WL=NL+1: FOR K=l TD 1#f STEP-1: VIAB K+6: HTAD S: PRINT K;SPC(64);: HTAB 13: CS(K)sCS${K-1)s PRINT CS$(K);: FOR J=0 1D 2: X(J X)=
103,K-1): PRINT TAB(MC{J));X(3,K) ;s MEXIT: MEIT

480 VTAB I+6: HTAB 13: PRINT SPC(b4);: CS(I)="": FOR Js0 7D 2: X(J,I)=0: NEXT: BOTD 3%0

490 ML=NL-1: FOR K=1 TO OL: WTAB 15: PRINT SPC(66);: CS(K)sCS(K+1): WTAB 1S: PRINY C$(K);: FOR J=0 T1C 2: X(J,K)=X(J.X41): HTAB NCC)
s PRINT I(J,K);B$:: MEXT J: PRINT: MEXT
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S00 HTAB 15: PRINT SPC{44)3: BOTD 370
S10 HOME: VTAB 6: HTAB 21: PRINT °Shall we g0 srowmd again (Y/) ? Ss: BET AS: MTAD $0: PRINT AS:: JF AS=°N" DR As="»* THEN 54

6
520 IF ASCOO°Y" MO ASC)°y" TIEN 510

330 S0T0 8¢

SAO VTAB B8: HTAB 21: PRINT *Save edited data (Y/M) ? *33 GET AS: WTAB 60: PRINT As:: IF A$=°N" DR AS=*a® THEN HOME: RU .
N R

550 IF ASCO°Y" MID ASC)"y* THEN 540

S50 VTAB 10: PRINT TAB{21);°File nase: SsFS;: NTAR 80: INPUT °° A¢: IF AS()*® THEM Feapt

570 OPEN *0°,81,F$: WRITE #1,°5SS°,JN$,JE, TX, TN, 0-1,0: FOR =1 TO N: FOR Js0 TO S: PRINT &1,M(J,0): NEXT: WEIT:
$80 FOR 1= TD ®L: WRITE #1,C$(I): FDR J=0 TO 2: PRINT 81,X(3,)): MEXT: MEXT: CLDSE #1
N AU
600 VTAB 14: WTAB fb: PRINT “Error tolerance:*: PRINT TAB(24);°X and Y Forces®;TAB(39);TXs PRINT TAD(26}; Nosent®;TAB(S9);TH: RETURK
610 M=L: IF V)=0 THEN Rs+]
$20 WIAB W: TWPUT;** A8: IF ASC)°° TMEN VaVAL(AS)
630 MTAB L: PRINT V;TAB(L+3J):: RETURN
A0 INVERSE: PRINT * ( JDown (/llUp (EMdit (Dimsert (Dlelete (R)uit ®: NORMAL: PRINT: RETURN

630 WOME: PRINT °WOORING LINE DATA  “;: GOSUB 640: PRINT * Line L-p Chock Coords®;TAB{47);*Anchor Coord (X,Y)*;TAS
(69):%4,C (1) or®
640 PRINT TAB(6):"8 Curve X Y or Preload, Line Mmgle PL,LA (2)°

870 K2oi-10-19: K25FMN(K2)+10+19: FOR K=1D+1 TD K2: PRINT TAD(5);X;: FOR J=0 TD 3: PRINT TAB(NB(J));W{J,K)g: MEXT: PRINT: MEXT: RETU
L]

4RO WOME: VTAR 2: NTAR 25: ISWERGE: PRINT ®sss FLEET NDORINE DATA INPUT es®; NORNAL: RETURM

690 IF ERR()SI THEN 710

700 IF ERL=60 THEN PRINT: PRINT: PRINT TAB(11)3°File not found. Try ancther?®: RESIME 40

T4A AN CERAAR FATA A
f3V UR TRRUR DUV ¥

720 CLOSE $1: PRINT: PRINT: PRINT TAB(11);F$;® is not a fleet mooring input data file.®: PRINT TAB (11);°Care to try ancther one?":
$01D 40
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10 REM  FIXED MODRIME DATA INPUT

20 O ERROR GOTD 1110: GOSUB 1100: VTAB 6: PRINT TAD(16):"This section creates and edits insut data sets®: PRINT TAB(11):°for analys
is of shoreside berths.®

30 DIN XF(14),YF(14) ME(14) SF(11.14) RF(11,14) ,A(2,24) . B(2,24) ,KR(24) DL (24) , TL(24) DS (28) ,ES (24) ,AS(24) ,PL(24) MC(2) ,C8(4) X (2,0),
wD{1) XT{14},2(3,18)

40 READ MC(0) MC(1) . BC(2) ,NF M. NC,HD(0) MD(1): DATA 41,34,67,-1,-1,-1,48,68

SO VIAB 9: HTAB 16: PRINT °Edit existing imput data (Y/K) ? ®s: BET AS: WTAR 55: PRINT 4s;3 IF A6="N" OR A$="n" THEN 100

60 IF ASC)°Y® AND ASC)°v® THEN 30 '

70 VIAB 51: HTAB 33: INPUT;°File mase: *F$: OPEN °1°.01.F8: IWPUT €1,AS: IF ASCOCFFF" THEN $140 ELSE IWPUT 81.9M8,27,TX,TA.WF
L, 08: FOR 3=0 TD WF: IWPUT 81.ME(J),IF(3),YF(J): FOR I=0 TD ME(J): INPUT 81,SF(1,J) RF(1.3): MEXT: BNEXTY

B0 FOR J=0 TD N: INPUT #1.KR(J),DL(J),TL13) BS13),PLIJ),ESHI),AS(I)s FOR I=0 TO 2: INPUT €1.A(1,3),B01,3): MEXT: MEXT

9 FOR J=0 TO MC: INPUT 81,KT(3),240,d),2(1,3),202,3),2(3,3): MEIT: FOR d=1 TO WL: TWPUT €1.C${3),3(0,8),X(1,3),0(2,3): WEXT: CLOSE

L]

100 J=-1: Li=84: 12%42: L3=15: GDSUB 1100: VTAB S: PRINT TAB(16):°Geseral Data.®: PRINT: PRINT: PRINT TAB(16);°Job mase: 3 TAB(30) ;N
$

110 VTAB 10: NTAD 14: PRINT *Tide Height:*;TAB(S9)$IT

120 VIAB 12: HTAB 1é: PRINT °Error tolerance:®s PRINT TAB(20):°X and Y Forces®(TAB{3%);TI: PRINT TAD(26); *Nosent®; TAB(39); TH

130 VTAR S: NTAD 36: PRINT °Edit this part (V/K) ? ®s2 GET AS: IF AS=°N° OR As$="n® THEN 180

140 IF ASC)°Y" MDD ASO°y* THEN 130

150 WTAB 31: PRINT SPC(40): VTAD B: HTAR S0: LINE INPUT;AS: IF ASC)°° THEN Jus=A$

160 L=59: VTAB 10: VsIT: GOSUB 1060: ITsV

170 VTAB 13: V=TI: BOSUB 1060: TX=V: VIAD 14: ¥=TH: QOSUB 1060: TH=y

180 J=d+1: IF J)14 THEN 340 ELSE WOME: VTAD 2 WTAB 11: PRINT “FENDER DEFINITION®;TAB(4S);Fender Mo.*3J+i: VIAB 4: WTAD &46: PRINT °
1. TAB(b4) ;Y

190 PRINT TAR(11):*Coordinates:*; TAD(44);XF(J) 3 TAB(S2)sYF (3} PRINT: PRINT TAB(11):“Load-Deflection Curve:®;TAD(45); Load s TAB(60);°
Deflection®: PRINT TAB(15};°12-11 points)®;

200 FOR I=0 TO ME(J): PRINT TAD(44):SF{I,3);TAB(A2);RF(1,J): MEXT

210 1=0: 8OSUB 1180

220 IF A$="S" OR As=°s® THEN IF J)WF THEN 340 ELSE 180

230 IF A$="X* OR A$="x" THEN NE(J)=-1: IF J)WF THEN 340 ELSE 180

2640 1F AS="0" OR As="g" THEN 340

250 IF ASOITE" MDD ASO)>%e" THEN 210

260 VIAB S: L=L1: V=XF(J): GOSUB 1080: IF(J)=v: Lsl2: VsYF(J)s 1060: YF(J)=¥

270 IF 3X0 MMD NE(J)<=0 THEM FOR K=J-1 T0 O STEP -1: IF NE(K))0 THEN 1160 ELSE NEXT

280 VIAB J+8: L=L1: V=SF(],J): GOSUB 1060: SF(I,J)=V: IF V)0 OR I=0 THEN 310

290 #E1J)=1-1: IF INF THEN NFz)

300 60TO 18O

310 L=L2: V=RF(1,J): BOSUB 1060: RF(1,3)=V: JF I=0 THEN 1=1+1: GOTO 280

320 IF VORF(1-1.3) AMD SF(I,3))5F(I-1,J) THEN 1=14

330 60T0 280

340 X=-1: FOR J20 TO WF: IF ME(J)(=0 THEN 360

350 K=K+1: IF(K)=XF(J): YF(K)eYF(J}: FOR I=0 TO ME(J): SF(I.K)sBF(1.,31: RF(1,K)sRF([,J): NEXT: ME(K)=NE(J}

350 MEXT J: LsWF: WFsK: FOR K=X+1 TD L: XF(K)s0: YF(K)s0: ME(K)=-1: WNEIT: J»-{

370 3=3+1: IF 3524 THEK 590 ELSE L=54: L3s1is MOME: VTAB 2: PRINT TAB(11):°ROORING LINE DEFINITION®:TAB(46): Line Mo.°jJ¢l

320 VIAB 4: PRINT TAB(il);°Material: (1) Steel, no tail®;TAB(LI;KR(J): PRINT TAD(22);°(2) Wyloa®: PRINT TAD(22);°(3) Palypropylene®
s PRINT TAB(21);°(4-20) User defined®

390 VIAB 9: PRINT TAB(11);°Dn-deck Length®;TABILY;DL(J): IF KR(J)>1 THEN PRINT TAB(11);°Tail Lenqth®;TABIL);TL(J) ELSE PRINT

400 PRINT TAB(11);°Braaking Streagth®;TAB(L);BS(J): IF KR(J)=] OR TL(J)X0 THEN VTAB 12: PRINT TAB(11);*Steel elastic eodulus®;TABIL)
sES(3): PRINT TAB(11);°Stee] cross-section®;TAB(L)3AS(I)

410 VIAB 14: PRINT TAB(11):°Preload®;TABIL);PL(J): VTAB 16: PRINT TAB(43):°X°; TAB(SS);°Y"; TAB(6Y); 1% PRINT TAB(11);°Chock Coordina
tes®;: FOR I=0 TO 2: WTAB BC(I): PRINT A{I,J3);: MEIT

420 PRINT TAB(11);"Anchor Coordinates®:: FOR I=0 T0 2: HYAB KC(I): PRINT B{l.J);: MEXT

430 G0SUB 1180

440 IF A$="S" OR A$="s" THEN IF J)N THEX 590 ELSE 370

450 IF A$="I" OR A$="x" THEN KR(J)=0: IF J)N THEN 590 ELSE 370

460 1F as="0" OR AS="g" THEX 590

470 IF ASOO'E® ND ASO)"e® THEN 430
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B0 VTAS 4: V=KR{J): SOSUB 1040: KR(J)=¥: IF W! OR V)20 THEN 480

490 VTAR 9: V=DL(J): GOSUB 1060: IF V(O TMEN DL(J)=0 ELSE BL(J)=V

$00 IF KR(J)>1 THEN VTAB 10: HYAB 11: PRINT °Tail Leagth®:: V=TL(J): GOSUB 1040: IF V<O THEN TL(Jisd M sy

S10 VTAB 11: HTAB 11: PRINT °Breaking Streagth®;: V=BS(J): GOSUB 1060: BS(J)=V: IF V(O THEW S10

S20 VTAB 12: WTAB 1i: IF KR{COX1 N TLIJ)=D ﬂﬂ PRINT SPC(40): PRINT SPC(70): GOTD S40

S0 PRAINT -sggg slastic sodulus®s: VeES(3): B 1040: ES(J)sV: IF V(sO TMEN 530 ELSE PRINT: PRINTTAR[11):*Stee] croms-saction

YeAS(3): 1060: A51J)sV: IF V(=0 THEN S.W
- 340 VIAR 14: lﬂll t: WL(JI BOSUB 1060: PL(J)=V

an 111, UuffY 1. DM 1ALA. A
S0 VTAB 17: FOR Is0 T0 25 L=NC{ll: V=R{l,3): SOSUB ¢ n

S60 VIAB 18: FOR I=0 TD 21 LeNC(I): VsB(1,d): GOSUB 1040: B
S70 IF XK THEN M=)

80 BOTD 370

S90 Ks-1: FOR J=0 TO ¥: IF KR(J}(=0 THEN 610

600 KsX+1: KR(K)=KR{J): BLX)sDLUJ): TLIKI=TL(J): BS(K)=BS(J): ES(KISES(II: ASIK)I=AS(I): PLIKI®PL(J): FOR Is0 TD 2: MI.K)=A(I,0): B
(1.K)=B(1.3): MEXT

510 MEIT: L=K: W=X: FOR Kak+1 TO L: KR{K)=0: BL(K)=0: TL(K)=0: BS(K)=0: ES(K)=0: AS(K)=0: PL(K)'O: FOR I=0 TO 2: A(I.K)=D: BIIX)s0:
EEXT: MEXT: J=-f

620 J=j+i: IF 3314 THEN 790 ELSE WOME: L=59: VTAB 2: PRINT TAB(11); CATENARY MICHOR LEBS®;TAB(5D);"Chain Mo.%jd+!

630 K2=1: K1=KT(): IF K1)31 THEN K2=2: KisX1-32

840 VTAB 5: PRINT TAB(11):°Catenary lsad-ertension curve susber:®;TABILYK

630 VTAB 8: PRINT TAB(11);"Specify anchor coordinates {1} or®: PRINT Mlll!); “sreload & horizontal amgle (2) 7°;TABIL)IK2

660 VTAD 12: PRINT TAB{11):°Chock caordinates: T 20,2 TABIS3) Y *2(1,9)

670 VTAB 15: IF K221 THEN PRINT TAB({1);“Anchor coordinates:: o, ammos)-'v S31(3,9) ELSE PRINT TAB(S7);"Pr
eload  *;1(2,3);TRB(S9);"Angle  °;2(3,0) :

680 80SUB 1180

$90 IF R$=°5" OR As="" THEN IF JXNC THEN 7%0 ELSE 420

700 IF A$="I" OR A$="x" THEW KT(J)=0: IF JONC THEN 790 ELSE 620
710 IF As="D° OR A$="o" THEN T90

T20 IF ASC)E" MND ASC)"e® THEN 680

T30 VIAB 5: V=Xi: BOSUB 1040: Kis¥: IF K1<D OR K1)20 THEN 730

TVAA UTAR A, LU=, DANMID 1ALA. MOl IE V92 Tuts
IV VINT T+ YORLe BUNUP VOV, n&eSvE v M\g ﬁ K2>2 1N 740

750 VIRB 15: KTAB 11: IF X2=1 THEN PRINT °Anchor Coordinates: 1°:: HYAB 59: PRINT ®  Y°;: ELSE PRINT TAB(37):"Preload’
: HTAB 59: PRINT *Ample’;

760 HIAB 11: VIAB §2: JJ=0: BOSUB 1150

770 VIAB 15: 33=2: GOSUB 1150: KT(J)sK1e320(K2-1): IF INC THEN MCs)

T80 BOTO 620

790 Ks-1: FOR J=0 TD MC: IF KT{J))0 THEN KeK+f:s KT{K)sKT(J): FOR Is0 TO 3: I{I.K)=2(1,3): NEIT

900 MEXT J: LsNC: WC=X: FOR K=K¢] TO L: KT(K)s0: FOR I=0 TO 3: 1{1,K)=0: NEIT: WEXT

810 MOME: L3I=13: PRINT °APPLIED LOAD DATA °:: QSI_I! 1090

820 VTAS 5: PRINT * Case @ Label®;: PRINT TAB(41):°X Force Y Force flosent®

930 PRINT: FOR I={ TO ML: PRINT TAB(S);I; 'I'IBUS) sC8(1);: FOR J=0 TD 2: PRINT TAB(NC(J));X(3,1);s MEXT: PRINT: NEIV: Is}

aan Iﬂlﬂ Tale MYTAR ol INY UTAR L. BT AS
YV VIRR 170 NTIWD Jl TRING l’. Wi Ve LI W

850 IF As=" * THEX B90 ELSE IF At="/° THEN 930 ELSE IF A$="I" OR A$="i" THEN Y30 ELSE IF A$=°D" OR A$="d° THEN ¥50 ELSE IF A$="0" DR
As=°q" THEN 960 ELSE IF ASC)°E® AND ASC)"e® THEN M40

840 NTAD 13: LINE INPUT;AS: IF ASC)°° THEN CS(I1)=AS: WTAB 15: PRINT SPL(27);: WTAB 13: PRINT AS;

870 FOR 3=0 TO 2: L=AC(J): ¥=X(J,I): BOSUB 1060: X{J,1)=V: NEXT

980 IF DML THEN WL=]

890 IF ICNL+1 THEN I=1+f: IF 1D4 THEN l=f

900 507D B4O

910 I=1-1: IF IC1 THEN IsMi+1: IF 14 THEN Isd

.920 BOTO B4

930 IF NL=4 THEX 840

940 ML=RL+1: FOR K=ML YD I+1 STEP-1: VTAB Keb: WTAB 5: PRINT KiSPC(Tilc: WTAB 15: CS{KISCH(K-1): PRINT CS(R)i: FOR J=0 10 23 THJ.N)e
KGLK-1): PRINT TABIRC(NDS1A3.K)5: OEAT: WEXT: VTAD Iog: HTAB 15: PRINT SPC(e);: FOR J0 T0 2: 1(3,1)s0: NEXT: 6OTD 840
950 WLNL-1: FOR K<1 TO MLz HTAB 15: PRINT SPC(6A);: CH(KIsCS(Ke1): KTAB 15: PRINT CS(Kij: FOR J=0 TO 2: K(J,K)nK(dK¢1): NTAB MC(J)

s PRINT X(J,K)s: MEXY J: PRINT: NEXT: MWTAB 15: PRINT SPC(éd)s: SOTD B40
960 MDME: VTAB &: HTAE 21: PRINT °Shall we go around again (Y/N) ? *t: SET RS: HTAD 60: PRINT As;: IF A$=°N°® OR AS="a® TIEN %8
¢
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970 IF ASO°Y" NND ASC)°v® THEN 950 ELSE 100 '
%0 ﬂ 8: HTAB 21: PRINT “Save edited data (Y/W) ? *ts GET AS: WTAB 60z PRINT A$;: IF AS="N" OR A$="a" THEN HOME: RU

R “HENY°
90 IF ASCO°Y° AND ASC)°y* THEN 980 :
1000 VTAR $0: PRINT TAB(21):°File nase: *iFSs: WTAB S0: IWPUT *“,A$: IF A$C)°° THEN FSsh$

1010 OPEN *0°,81,F$: WRITE 81,"FFF°, N8, 27,72, TH,0F N, 0C,NL: FOR J=0 TO WF: WRITE $1,ME(3),XF (3) YF(H: FOR I=0 TO NECJ): WRITE #1.§
F(1.3) RF(I. ) NEIT: KEIT

1020 FOR J3=0 T0 N: WRITE 81,KR(J3),DLLD),TL(3),DS(),PLLJ) ,ES(I),AS(D): FOR 1=0 TO 2: WRITE 81,A(1,d),B(13)s NEXT: NEIT

1030 FOR J=0 T0 MC: WRITE 84,KT(J},210,3),211,3),202,3),2(3,3)s WEXT: FOR J=1 TD L: WRITE 81,C6(3),K¢0,d),X45.).2(2.3): MEXT: CLOS
E#

1040 RUN “FEW*

1050 VIAB 14: HTAB 16: PRINT "Error tolerance:®: PRINT TAB(26):°X and Y Forces®;TAB(ST);TI: PRINT TAB(26);°Mosent®;TABIS);TH: RETUR

1060 Q=L: IF V)=0 THEN Qs+

1070 HYAB Q: INPUT;**.AS: IF ASC)®" THEX v-vu.(m

1080 HTAB L:PRINT V;TAB(L4LI);: RETURN .

109C INVERSE: PRINT * { Down (/)Up (EMdit (Ilmsert (Delete (Ruit °: WORWAL: PRINT: RETURM

1100 HOME: VTAD 2: KTAB 25: INVERSE: PRINT °ett FIXED MDORING DATA INPUT ##4°: NORMAL: RETURN

1110 IF ERRC)ST THER 1130

1120 IF ERL=70 THEN PRINT: PRINT: PRINT TAB(16);°File mot found. Try amother?®: RESUME 30

1130 BN ERROR 8070 O

$140 CLOSE #1: PRINT: PRINT: PRINT mmnn-' is mot a fized scering imput data file.®s PRINT TAB(11); 'taro to try asother one?":
§0T0 30

1150 FOR K=0 10 l. LafD{K): V=2(K¢d).D): M 1060: 1(K+JJ J)=V: NEIT: RETURN

1160 VIAB 7: WTAB 45: PRINT SPC(34):: HTAB 40: PRINT “Sase as last fender {Y/N)?  °g: GET AS: IF ASC°Y" AND ASC)°y® THEN KIAB 40:
PRINT * Load Beflection *: BOTD 280

1170 FOR 1=0 TO ME(K): SF(I,J}sSF(1,K): RFL],3)sRF(I,K): MEXT: SOTO 290

1100 VTAB 23: HTAB $11: PRINT °Edit (E), skip (S), cancel (I}, or sove on (Q)7°;: HTAB 65: BET AS: RETURN
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S0 IC=i: GOSUD 420

S10 LPRINT: LPRINT: JLwJL¢2: IF JL)53 THEN BOSUB 430

320 LPRINT TAB(11);°RESULYS FOR LOAD CASE®;L:TAB(40}1:C$IL}

530 IF IE THEN LPRINT TAR(31);°CAUTION' DID NOT CONVERSGE.®: JL=JL+}

SA0 LPRINT: LPRINT TAB(29);°Applied Load®;TAB(30);L$(JE);TABI4B); *Displaceaent®

S50 LPRINT: LPRINT USING F28;°Surge” AR IH,X: LPRINT USING F26;°Sway" .BB,YH,Y: LPRINT USING F2%:°Yaw* CC,SN.E4RD
360 LPRINT: Ji=JLeB: IF JL)32 THEN GOSUB 630

570 LPRINT TAB(40):*Anchor Legs®: LPRINT: LPRINT TAD(12);°Line®;TAB30); *Horizontal®; TABIS1); *Anchor-*; TAB(72); *Line®: LPRINT TAB(13
):*Me. s TAR(SI): *Laad*; TABIS2): *Dhock® s TAB(71);%Anglo®: LPRINT: J{=Jie$

S80 FOR 1=0 YO N: IF JL)60 D M-IDi THEN GOSUB 630
90 LPRINT TAB(13): LPRINT USING F38;I+1,ML(I) IS(KP(I}),PLII,AL(IORD: JL=dLel: NEXT

LAA MEYT 1. IDOTNY ARSI 1D1.. DI PMCHNII®
VYV BRAl Ls LTRINI LIMPLIi47ges RUR TRRY

610 IF CS=0 THEX GsP24S6M(SN} ELSE G=ATN(SN/LS)+P28(1-5GM(CS))

620 RETURN
#30 WPsWPei; LPRINT DR$(12)c LPRINT: LPRINT TAB{11i; RODRING ARALYSIS®; TAB(IB);IRe;TAB(TZ); Page”;WF: LFRINT
40 Ji=4: RETURN

650 IF ERR()S3 THENX OX ERROR 6070 ©

$60 IF ERL=90 THEN PRINT: PRINT TAB(11);*Input file ot found. Try another? €:2 6ET AS: IF AS="Y* OR As="y°® THEN PRINT A$: VTA
B 8: RESUME 80 ELSE RUN °“HENU”

670 IF ERL=130 THEN PRINT: PRINT: PRINT TAD(11);"Load-extension curve for Anchor Leg Type®;KC(1);®aot found.®s PRINT TABIi1);°kun Op
tion 2. Press any key to return to senu. ®s: BET AS: RUN “MENY®

680 CLOSE #1: PRINT: PRINT TAB(11)3F$;® is mot an input file for fleet mooring amalysis.®: PRINT TAB(11)3°Care to try another?®;: HT
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10 RN FIZED MODRING MNALYSIS
20 DEFINT 1-4: DN ERROR G0TO 930; DIN I81),KT(18).KC(20)
1180: RB=1/R: Hi=.0i

={: KTI0i=sl: Wi=-1: RU=.00001: I8{1)="#°; RV=.75; BEF FRp(li=,S#{X¢AB
S .
40 Fis=* o .. NN.4 043484 .4 M 6.9 F28=° " WM.t MU
.7 WIS Wi
50 F3s=* ] ¢ ML NM.T HEIH  HNHE: Fi=" .8 e
60 F35$=* ANEEAY . W L. 88" Fis=" ® tHHNY Mt
§ [ LR HiNe
70 FTs=* H LY HHN.G LS MM M BN s ] HHN
i .t
80 FBs=" H $HitL.E HNNL U N Fos=* s o Huu
i
90 F108=* ] Hin! Hi.. [ IR

100 HOME: VTAB 2: WTAB 25: IWVERSE: PRINT “ss+ FIXED MODRING MALYSIS #82°: NORMAL

110 PRINT: PRINT: PRINT TAB(14);"Acalysis will be carried out wsing data previously®: PRINT TAB(11);"set wp in an input file.”: PRIN

b 4

120 HTAB 16: INPUT *Input file nase: *F$

130 IF F$="° THEN RUM °NENU" ELSE OPEN °I°.81,.F$: IWPUT BL,AS: IF ASCOFFF® THEN 990 ELSE I1WNPUT #1,Ju¢,IT,TX,TH,NF,KNC,0L: IF WF)=0
VHEN DIN WEiWF] ,XF (W), VF (NF) ,#F OFF) , YDWF) ,AF (F) ,SF (10,WF) ,RF (10,0F)

140 Ni=N+l: M2=NI+RC: DIN XCIN2) ,YC(N2),2C(N) X1 (N2),Y5(02),21 (M) ,KR(K2) DL (N} TL(I),IS(IZ),PL(IZ).ES(I).AS(I?) JHL (N2) AL (N2) KP(N2)
+SL(20,0 ,RL(20,0) ,FYOL) FY(NL) FRONL),CS(NL): CS(0)="INITIAL POSITION®

150 FOR I=0 TO WF: INPUT &1 ME(1) XF(D),YF(I): FOR J=0 TO ME(I): INPUT 81,5F(J,D),RF(J,I}: MEXT: MEXT

160 FOR I=0 TO N: INPUT &1 ,KR(I),OLCD),TLCI3,BSCD),PLCT),ESCI),ASC1) XCCT) ,XICT) YOC) ,YAC1) ZEC3), 28420 WEXTY

170 FOR I=1 TO X2: INPUT #1.KR(I),XC(I) YC(1),R8(1),YI(I}: WEXT

180 FOR 1=1 TO WL: INPUT €1.C$(1),FX(D) FY(I),FM(D): MEXT: CLOSE #1: JB=43-INT(,SeLEN(INS))

190 FOR J=0 TD : FOR X=0 T0 M: IF XR(J)=KT(K) THEN 210
200 MEYT: W=y: KTIX)=KR(])

210 KR{J)=K: NEXT J: DIM EL(20,NM)

220 FOR J=1 TO WM: OPEN °1°,81,°LINE*4STRS(KT(J}): FOR I=0 TD 20: INPUT 83,EL{],J): MEIT: CLOSE 81: WEIT

230 FOR 1=R1 7D W2: JdskRill: KP{DI=dd\32: dd=JJ ™D 31

240 FOR =0 T0 N2: IF JJOKCIJ) THEN MEXT: NIzd: KC(J)=dd

250 KRiI)=J: NEIT I: IF WZ(O THEN 290 ELSE DIM NT(NI),SC(200,M2),RC(200,MI): FOR I=0 YD MI: OPEN 'I'.ll.'ﬂT'#STRS(Kt(I)): INPUT 01,

WTUI): FOR J=0 TO WT(I): INPUT €1,5C(J,1),RC{J,1): WEXT: CLOSE 81: WEIT

260 FOR I=N1 TO M2: JJ=KR(1): IF KP{I}=1 THEN R=X1(I): GOSUB 1030: @=DReYi{I}: X1(I}=XC(I)4ReCOS(D): Y1(1)=YC(I)+ReSIN(D): GOTO 280

270 R=FNRIICID-X1(D),YC(I)-Y1(1)): JF R(=RC{0,33} THEN R=0 ELSE FOR J=1 T0 WT{JJ)-1: IF RIRCLJ,JJ) THEN EXT ELSE R=(SC(J,JJ)-SCQ)-

1,30/ (RCII,JII-RC(I-1,33) ) £ (R-RC LI 145C (I3

280 R (I)sk: NEXT ]

290 LPRINT: LPRINT: LPRINT TAB(32):°FIJED MDORINE ANALYSIS®: LPRINT: LPRINT TAB(JR):JN$: JL=5: IF NF(O TMEN 320

300 LPRINT: LPRINT: LPRINT TAB(9);"FENDER INPUT BATA:®: LPRINT: LPRINT TAB(7);"Fender Location®;SPC(13);*Rinieus®;SPCIN);

*Haxiaua’: LPRINT TAB(9);*No. I Y Load Defl Load Defl®: LPRINT
]

Y10 eOR 1=0 Tﬂ NC. (PRINT UCINE F1 s 1a1 et s'!(e 1, 0000 1) eONE(T) 1,10, GEYT. I ODINT. 1RINT.
. [ 3
. 3

310 FOR I= LPRINT USING € 1,004 YR LT O { MEXT: LPRINT: PR
320 LPRINT TAB(9);*NOORING LINE INPUT DATA:°: LPRINT: LPRINT TAB(8);"Line Chock Coordisates®;SPC(1
®: LPRINT TAB{9):"No. H 1 X \ I": LPRINT

330 FOR 1=0 70 W: LPRINT USIN® F29;1+¢],XCU1), YO, ZC10,X1CD),VI(D), 20400 WXV

340 FOR 1=N1 TD N2: LPRINT USING FBS;I+1;XC(I) YC(I) ,X1(T),Y1(1): OEXT: JL=JLeN2¢d

350 LPRINT: LPRINT: LPRINT TAB(B);°Line Type Length Sreaking  Preload Stee! Hawser®: LPRINT TAB(9);°Nc. Code
On-deck  Tail  Strength®;SPC(16); "Nodulus Area®: LPRINT: JL=)L+45

350 FOR 1=0 TO N: LPRINT USINE F38;I+1,KT(RR(I}) DL(1) ,TLCTI),BS(D) PLAT);: IF TL(D))0 OR KR(J)=0 THEN LPRINT USING Fe$3ES(1),AS(]) E
LSE LPRINT

370 JL=diet: IF JLYS9 THEM 6OSUB 930

380 MEXT: IF JL)SA+SOM(NC) THEN GOSUR 930

L=JLeNF+10

b (]
*Anchor Coordinates

( T Wedigon TRA VA
.
.

1
Y

390 1F NCCO THEN 410 ELSE LPRINT: LPRINT TAB(9);°Catenaries®: JL=JL+2: FOR IsN1 TO N2: JJsKRI1): LPRINT USING F98;141,KC(3], °L* SE
WU .30 MLCDD: dLediet: IF JLDSY THEM BOSUB 930

400 XEIT

410 FOR J=0 TO M: £S=X1(0)-IC(3): SN=Y1(J)-YC(3): CHeZ1(J)-IC(J): AB=SUR(CSECSeSNASNeCHSDN)HDLID): X=0: Y=0: JJ=KR(3!: IF J3=0 THEN

Y=AB: 60TD 440
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€20 R=PL{J)/DS(J)420: BOSUB 1000: IF TL(J)=0 THEN I=AB/(i4R): §OTO 450

430 ¥=T043): Y=AB-J#{i+R): IF YCO THEN 1020

830 ES10)s1/(EB(IISRS 131} Y=Y/ (1+PLISISES IS}

450 0=.05985(J): TeXI+Y-DL(J): CWsCH-IT: CM=CHeCH: IC(J)sCH: FOR X=0 TD 20: GeKeQ: R=NOEL{K,JJ)oMU+VeES(J)eB+T: SeSOR(ReR-CH): RLIK,J
1=8: SLIK,J)s6/R#5: MEXT: WEIT

450 MDME: PRINT TAB(28); ITERATIVE COWPUTATION®

470 FOR L=0 TO WL: AMFIIL): BB=FY(L)s COsPM{L): ICs0: 1E=0: I=0: Ys0: E=0: If TY THEN T1=TI ELSE TisFMB(ABS(AA)-ABS(DB))+ABS(BB): 1
1sFUB{PCET1-1141 '

480 PRINT: PRINT TAB(S);"Case®;L;TABIIS):*#°;TAB(43); Surqe®; TAB(ST); Suay®; TAB(T1); "Yan®: PRINT TAB(S);CS(L);TAB(32);0; TAB(M),'C 0
0°;TAB(S7):°0.00%; TAB(70);°0.00%: IF TM THEN T2=TH ELSE T2sFIB(PCeABS(CC)-10)+10

4%0 FOR k=1 TD 50: GODSUB 590: IF ABS(IH)ICTI AND ADS(YH)CTI AND ABS(SM)(T2 THEN 580

SO0 DE=XX# (YYEI1-YZ8YI)-XY4(IVeI2-XToYZ)4XT0{IV4YI-XT4YY): IF DE=0 THEN PRINT: PRINT TAB(11);°Error: Too many slack lises. Press
any key. ®st GET A8: RN °“MENU®

S10 DE=1/DE: IF )7 THEN DE=RT#DE

$20 DX=(XHE(YY21-YZRYD)-Yie (IVEI7-YI8X2)+SNE (TY#Y2-YY811) ) eDE

$30 DY=(XX&(YHO2Z-SMEYD) ~XY& (XHEZT-SMEX]) +X14 (THOYI-YHEXZ) Y4DE

KAA AV UV WYt _YIavwLl) _Yia iVWeBu_VIaV¥iio¥Ta fYVAVLL WWaill o sAD
IV UITVAATAT TP TAYINN ATT AT 14CSAIVTALTAATSITY IV SANI I oWe

550 X=1-DX: Y=Y-DY: ExE-DI

S60 HTAB 32: PRINT USING 88 °5K;: PRINT USING * 9S048884.081°;1,Y,.EsRD

570 WEIT K: PRINT: PRINT ° o coevergence in 30 iterations,®s IEsi

80 1C=1: SOSUB 590: §OTD 790

590 INsAA: YH=BB: SN=CC: II=0: XVs0: I2=0: YY¥sQ: YIs0: 71s0

600 TI=COS(E): SX=SIN(E): FOR 1=0 TD X2: X2=XC(I)4CX-YC(])4SI: Y2sIC{[)a8X+YC(])&LY

610 X3=X1(I)-X-X2: Y3=Y1(I)-¥-Y2: R=SOR(I3#Y3+Y32Y3): CSsIS/R: S=YS/R: KP(1)=0: IF IDN THER 1060
620 IF RCsRL(0.1) THEN M=0: PL(I)=0: BOTD 690

630 FOR J=1 TD 20: IF RORL(J,I) TMEW MEXT: KP(l)=}: J=20

40 WP=(SL(J, I}-SL (-1, 1/ (RLUJ, 1) -RLEJ-1,1)): WelPR(R-RLJ,I}I4SLCJ, 1)

450 MO=M/B: MYsUPS: MVsMagh: CHsCMOMVSY2-UYSYD: TNaBialll: YiisVHeNV

THI-TUC 398 Tem - 1V- e e et

660 C2=C5¢0S: S2=5NsSN

470 IR=-HRES2-HPEC2: IXsYI¢XA: YA=-HRSC2-MP352: YY=YV4YA: ADs{HR-HP)ICSSSN: TYsIY+AB

#60 IFsABEIZ-XAEYZ: II=Xi+ib: YHsYARIZ-AD#YZ: VIsV1+VB: IIs1l+{VD-HX)eiZ-(RB+HYISVZ

690 IF IC THEN ML(I)=H: GOSUB 910: AL(I)=8: AS(I)sR: IF H)0 AND I<NI THEN PL(I)sK/ReSOR(RER+IC(I)}
700 MEXT ]

710 CO=1-CY: 6zY3CI-14S1: FOR 1=0 VD WF: DsSBM{YF(I)): R=COSYF(I)¢SYSIF(1)+B+goRU: IF ReRCO THEM #s=0: BOTO 770
T20 R=ABS{R): FOR J=1 TO NE(I)-1: IF RORF(J,1) THEN MEXT

T30 WP=(SF(J,1)-SF{J-1,IN/(RFLI, IV -RF(J-1,1}): WellPe(R-RF(J,1))45F ), 1)

T40 HeDsH: RX=HeSI: WYsHsCI: XA=(XF(1)-X)4CR+(YF(I)-Y)a51: THsIH+HI: YHeYH-HY: SH=SH-RAsH

750 YA=HPeSX: XX=IX-YARSI: XVzIY4YASCI: YYaYY-MPSCI4(X: WR=XASHP

760 Y1sXZ4MYHHRESY: YIsYZoMY-HRECY: 1I=11+M2(R-YF(1))-MReXA

T70 IF IC THEX YD(I)=R: HF(I)sABS(K): AF(I)sE+@ef2
780 MEIT I: RETURN

700 1ODTNY. L1DOTNT. 1127149, 1€ ¥ \QY TUEM ENCIA 8%A
TIV WIRARIc W ALNIe T~V s 47 Fh/vw 1NN WWeUD vV

800 LPRINT TAB(9);°RESULTS FOR LDAD CASE*;L;TAB(39);CS(L);TAB(ER): Tide =*;17

810 IF IE THEN LPRINT TAB(A1);°CAUTION' BID KOT CONVERGE.®: JL=iL+l

$20 LPRINT: LPRINT TAB(Z7); Applied Load®;TaBi4#Ei; Load Errors; lllm)"nuu:mu'

830 LPRINT: LPRINT USING F3$:°Surge® M, XH,X: LPRINT USING F3$;°Sway®,B0,YH,Y: LPRINT USING F3$;°Yaw® CC,6H,E6RD

B40 LPRINT: JL=zJL+8: IF JL)S3 THEN 6OSUB 930 .
830 LPRINT TABI37);*Nooring Leqs®: LPRINT: LPRINT TAB(%):°No. Wori2 Load Tota) Load Chock-Aachor Horiz Magle®
s JL=iLel

860 IF WFCO THEX 880 ELSE LPRINT: LPRINT TAB(9):"Fenders®: JLaJL+2: FOR I=0 TO MF: LPRINT USING F76;1+1,MF(I}, YD) ,AF(1)eRD: JLedl+
13 IF JL)59 THEN BOSUB 930

870 MEXT |

820 | PRINT: LPRINT TAR(9);°Lines®s JizJLe2: FOR 1s0 TO N: LPRIMT USING FiS
S9 THEN GOSUB 930

890 MEXT: FOR 1=l TO M2: LPRINT USING F10$:1+¢1,ML(I) 2$(KPCI)) AS(I) ALCTVORD: JL=dLet: TF JL)3Y THEN BOSLB 930

s . s MM
$00 REXT: SEXT L: LPRINT CHRSCI2);: RN "RENU"

910 IF CS=0 THEN G=P24SGN(SN) ELSE G=ATN(SN/CS)#P24(§-SBN(CS))
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920 RETURN

930 WPsiP+f: LPRINT CHRS(12): LPRINT: LPRINT TAB(9): °WMOORING ANALYSIS®;TAB(JBIG3NS; TAD(73); "Page®;0P: LPRINT

M0 JL=4: RETURNM

930 1F ERR()S3 THEM 980 ELSE IF ERL=130 TMEN PRINT: PRINT TAB(11);°Inpnut file aot found. Try another? ®3: BET Ms: IF As="Y* OR
As="y® THEN PRINT AS: VTAD B: WTAB i: RESUME 120 ELSE Rtk “MEW"

960 IF ERL=220 THEN PRINT: PRINT TAB(11);°Loag-sztension curve for line type®;KT{J);°not found.®t PRINT TAB(11);"Fix imput data or p
rovige carve (Option 3).%;: INPUT;* Press RETURN. *,h8: RUN “HENU*

970 IF ERL=250 THEN PRINT: PRINT TAB(11);°Load-sztension curve for catemary type®;KU(I);°sot found.®: PRINT TAB(11);*Provide it usin
g Option 2.%;: IWPUT “Press RETIRK. *A8: RN “HEN"

980 On ERROR GOTO 0

990 CLOSE #1: PRINT: PRINT TAD(11):F8;° is mot an imput file for fixed sooring amalysis.®s PRINT TAB(11);°Care to try another?";: HT
AB S2: BET A$: IF A$="Y" DR A$="y" THEN PRINT AS: VTAD 8: GOTD 120 ELSE RUN °WEWU*

1000 IF R=0 THEW RETURW ELSE FOR K=1 TD 19: IF R)X THEN MEXT

1010 R=(EL (K, J3)-EL (XK=1,30) 1 (R-K)4ELAK,30)¢ RubUER: RETURN

1020 PRINT: PRINT TAB(11):*Line Mo.°3d; bas®; INT (~X+.5);"1ength units of slack.®s PRINT TAB(11);°Fix by shortening tail. °j: IWPUT °
Press RETURN. *A8: RUN CHEWU® :

1030 IF R(=0 THEN R=RC(0,3J): RETURN

1040 K=KT(3J): R=R/SCIK,23)6K: J=INTIR)-K¢1: JuK+,32{)-ABS(J))

1050 R=(RC1J,J3I-RC(J-1,33) 14 (R-JI4RC(J,I3): RETURN

1060 JI=KR{1): IF MC=RC(0,33) THEN #=0: GOTD 6%0

1070 FOR J=1 TO MY(J3): IF RORC(J,3J) THEN MEXT: KP(]i=f: I=NT(3))

1080 WP=(SC(J,33)-SC{3-1,33)}/(RCCI, 3 -RC(3-1,30)): WaltP(R-RC(J,33)145C(J,30): GOTO 630
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10 REM  FLEEYT ROODRING ANALYSIS

20 DEFINT 1-N: ON ERROR GOTO 430: DIM KL(28B),18(1),L8(1): READ 1$(1),L$¢0},L8(1) PC,PI,RT, N1, NP: DATA *#°,°Tota) Load","Load Error®,
.m.:.l"s’vn,’l,l

30 P2sP1/2: WR=P1/180: RD=1/DR: BEF FWR(CS,SM)oSOR(CSACS+SHESN): DEF FNA(X)=, 3¢ (I-ABS(X})s DEF FUB(X)=.St(X+ABS(X))

& F2e=* \ . .08 .0 FIs='H ! "
1 B R

30 F1s=* “m'mm.mﬂ“"mmm.m.‘

60 HOME: VTAB 2: NTAB 25: INVERSE: PRINT ®#ss FLEET ROORING ANALYSIS #34°: NORMAL . )

70 PRINT: PRINT: PRINT TABilo);"Analviis will B Carvied out esing data previousiy®: PRINT TAB(11);°eat wp in an input fiie.=: ﬁiiT
80 HTAB 14: INPUT ®Input file mase: i 2

90 OPEN °1°.81,F$: INPUT 81,A8: IF A$C)°SSS® THEN 680 ELSE INPUT #1,Iu$,JE,TX,THN,NL: JE=JE-1: DIN KR{N),IC(N),YCR),X1(R},YI(N) AL
1) ,PLIN) ML () XKP(N): FOR Is0 TO N: INPUT #1,K,IC(D),YC(D) PLCT),ALCE) KPUD)

100 FDR J=0 TO W2: IF KOKC()) THEN MEXT: WIs): KC(J)=X

110 KR(I)=J: WEXT I: DIN FX(WL),FY(NL) ,FM(NL),CSONL): FOR J=1 TO 0: INPUT 91,08(D) FX(I) FY(I),FN(I): MEXT: CLOSE 1: C$(0)="INITIA
L POSITION"

120 DIN SC(200,M2) ,RC(200,M2),NTINZ): FDR I=0 TD W

130 OPEN “1°,81,°CAT*+STRS(KC(1)): INPUT 81,NT(I): FOR Js0 TO WY(I): IWPUT 3,5C(J,1),RC(J,1): MEXT: CLOSE 81: MEXT: JB=43-INT(.S4LE
nJusi)

140 LPRINT: LPRINT: LPRINT TAD(28);°NULTIPLE POINT BDORING AMALYSIS®: LPRINT: LPRINT TAB(JB);JNS: LPRINT: LPRINT: LPRINT TAB(11);°MN
CHOR LEG INPUT DATA:®: LPRINT

1530 FOR I=0 TO N: If XP(I)=] THEN 190

160 3J=KR(I}: KsNT{JJ): RePL{I)/SC(K, 318Kz J=INT(R)-K¢1s J#ﬂ(:)

170 R=(RC(J,33)-RC(J-1,331 )4 (R-3)4RC(D,ID)

180 6=AL (1)4DR: X1(I)=XC(1)+RECOS(E): Y1(D)=YC(1)+ReSIN(G): BOTD 210

190 X3{)=PL(D): YI(I)=AL(1}: CS=X1(1)=XCCI): SM=Y1(D)-YC(1): R=FUR(CS,SN)

200 GOSUB 610: AL(I)=G#RD: 60SUB 390: PLII)sH

210 F=XH{D)-I3: I3=XJ+FNA(X): I=1(1)-X2: I2=X2+FMB(X): YsY1([)-Y3: Y3=Y4FWA(I): X=Y1(1}-Y2: Y2=Y2+FMB(]}

220 MEXT I: RG=,1256FNR(X2-X3,Y2-Y3): LPRINT TAB(®);"Leg No. Chock Coords Leg Preload fochor Coords®

230 LPRINT TAB(21);°1 Y Angle X Ye: LPRINT

240 FOR =0 TO M: LPRINT USING F1$;1¢1,XC(1),YC(3),ALCT),PLATD,XICIY, YIC)

250 MEIT: JLsM¢13: MOME: IF JE THEN PRINT TAB(28);°ITERATIVE COMPUTATION®

250 FOR L=0 TO ML: AA=0: BB=0: CC=0: IF JE=0 THEN IsFX(L): YsFY(L): EsPN(L)4DR: 6OTD 500

270 MASFX(L): BB=FY(L): CCaFM(L): 1C=0: X=0: Y=0: EsO: IF TX THEM T1sTY ELSE T3=FMB(ABS (AR)-ABS (BB))+ABS(BB): TI=FNB(PLaTi~1)+]

260 PRINT: PRINT TAB{3);*Case®;L; s®; TRBIIZ); “0°; TAB(44); *Surge®; TAB(ST) ; "Sway®; TAB(71); *Yan®: PRINT TAB(S);CS$(L);TAB(32);0;TAB(45):
*0.0°; TRB(58);°0.0°; TAB(71);°0.0%: IF TM THEN T2=TH ELSE T2=FNB(PC#ABSICC)-10)+10

290 1Es0: FOR k=1 TO 50: GOSUB 420

300 DE=XI#(YY&11-YI8YD)-XY#(XYSII-XIY1)4X28(XVAYI-X28YY): IF DE=0 THEN PRINT TAB(11);*Error: Too sany slack lines. Press any key.
®;s BET As: RUN “mew*

310 IF ABSIXHICT] AND ABS(YH:{T1 AND ABS(SM)(T2 THEN 500

320 DE=1/DE: IF K)10 THEN DE=RT#DE

330 DX=(XM#(YYRII-YI8Y1)-YHe (IYRI2-YI2X]) +SH8 (IYSYT-YYaX2))4DE: IF ABS(DX))IRG THEN DIsR6#S6N(DI)

340 DY=(XX# (YHEZZ-SHOYT) -XY# (XHRI1-SMeXT)+X24 (XHRY2-YHOXI))4DE: IF ABS(DY) )RS THEN DY=RGSHN (DY)

350 DZ=(XX#(YVSEN-YI4YH) -XY# (XYESH-Y2oXH) 4128 (XYSYH-YYoXH) }6DE: IF ABS(DZ)).03 THEW Dl=,03eSEM{D2)

340 X=1-DX: Y=Y-DY: EsE-D

370 HTRB 32: PRINT USING °88 °;K;: PRINT USING ° G40888880.9°;1,Y.ERRD

380 MEXT K: PRINT: PRINT * Mo convergence in 50 iterations.®: PRINT: 1E=1: BOTD 500

390 KP(I)=0: IF R(=RC(0,3J) THEN H=0: WP=0: RETURN

400 FOR 3=1 TO WT(JJ): IF RORC(J,I3) THEN MEXT: XP(I)=]: J=NT(JJ)

410 HP=(SC13,30)-5C(J-1, 3N/ (RCW I -RC{I-1,0)): HalPR(R-RC(J,J3))48C(2,33): MRsH/R: RETURN

420 XH=AR: YH=BB: SN=CC: XJ=0: I¥=0: Xl=0: Y¥s0: Y1=0: 1I=0

430 CX=LOS(E): SY=SIM(E): FOR J=0 TO N: Y2=XC(I)sCX-YC(I)4SX: Y2=YC(I)#LX+XC(1)45)

840 X3=X1(1)-12-X: Y3aY1(I)-¥2-¥: R=FWR(I3,Y2): CS=I3/R: SN=Y3/R: JI=KR(I}: GOSUB 90

450 HX=MOCS: HYsHESN: SH=SHHY#X2-HX8Y2: XHoUW+HX: YH=YHeHY: IF IC THEN PLUI)=R: GOSUB 610: AL(I)=8: WL(I)=H: DTG 4%0

460 C2=CS40S: 52=5u#5M

470 TA=-WRE52-HPEC2: XIzIX¢XA: YA=-HREC2-HPES2: YY=YY4YA: ABx(MR-HP)#CS#SN: IV=IV+AB

480 IB=ABXZ2-XARY2: 1IsX14XB: YB=YA®X2-AB#Y2: YI=YI1+YB: 11=114(YB-HX)#I2- (XB4HY)#Y2

450 MEIT I: RETURN
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GLOSSARY

Breaking Strength. The ultimate strength of a nooring chain or fitting
as determned by a break test.

Break Test. A test which involves nmeasuring the breaking strength of a
mooring chain or fitting

Chock. A metal casting with two horn-shaped, arns used for passage, guiding,
or steadying of mooring or tow ng lines.

Degaussi ng. The process by which the magnetic field of a ship is neutralized.

Factor of Safety. The ratio of the breaking or ultimate strength of a
moori ng conmponent to the working load of that conponent.

Fastest-M |l e Wndspeed. The highest nmeasured wi ndspeed with a duration
sufficient to travel 1 nile

Fluke Angle. The angle between the anchor shank and the anchor fluke

G ound Tackle. The anchors, chain, and other supporting equipment used to
secure a buoy in a specific location

Hawsepi pe. A cast-iron or steel pipe placed on the bow or stern of a ship or
in the center of a buoy for the anchor chains or tension bar to pass
t hr ough.

Hawser. The mporing rope or line between a fleet-nooring buoy and the
nmoored vessel. For a fixed nooring, the hawser is the nooring rope or
line between the deck of a fixed-nooring structure and the noored-vessel

Hol ding Capacity. The |oad which an enbednent anchor is capable of wth-
st andi ng.

Mean Hi gh Water (MEW. The average height of the high waters over a 19-year
period. For shorter periods of observation, corrections are applied to
el imnate known variations and to reduce the results to the equival ent
of a 19-year val ue.

Mean Hi gher H gh Water (MHHW. The average height of the higher high waters
over a 19-year period. For shorter periods of observation, corrections
are applied to elinminate known variations and reduce the result to the
equi val ent of a mean 19-year val ue.

Mean Lower Low Water (MLLW. The average height of the |ower |ow waters over
a 19-year period. For shorter periods of observations, corrections are
applied to-elimnate known variations and reduce the results to the
equi val ent of a nmean 19-year value. Frequently abbreviated to |ower |ow
wat er .

M dshi ps (Anmi dships). M dway between the bow and the stern of a ship or
vessel

d ossary-1



Peak- Gust Wndspeed. A neasure of the maxi mum wi ndspeed for a given period
of record; normally a high-velocity, short-duration w nd.

Proof Test. A test which involves |oading a mooring chain or fitting with a
| oad equal to 70 percent of the breaking strength, as determined by the
break test.

Return Period. The average length of time between occurrences of a specified
event. For exanple, a 50-year w ndspeed will occur, on the average, once
every 50 years

Watch Circle. The water surface area delineated by the maximm excursions
of a fleet-moring buoy.

Wrking Load. The nmaximum allowable |oad on the nooring conponent. Usually,
the working load is some fraction of the breaking strength of the conpon-
ent. For exanple, the working |oad of mooring chain is 35 percent of its
breaki ng strength.

G ossary-2
*U.S. GOVERNMENT PRI NTING OPFI CE\ 1986-495-779



	Fleet Moorings
	Contents
	Section 1. INTRODUCTION
	Section 2. FLEET-MOORING SYSTEMS
	Section 3. FLEET-MOORING COMPONENTS
	Section 4. BASIC DESIGN PROCEDURE
	Section 5. DESIGN OF FLEET MOORINGS
	Section 6. EXAMPLE PROBLEMS
	Appendix A. BASIC CONCEPTS OF PROBABILITY
	Appendix B. COMPUTER PROGRAM DOCUMENTATION
	REFERENCES
	GLOSSARY

